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The intestinal protozoan fauna the rat, mouse, guinea pig 
and rabbit has been investigated quite extensively. Not much 
has been done field rodents those which lend themselves 
laboratory use. the autumn 1925 and spring 1926 the 
writer made study the protozoa harbored the alimentary 
tract the striped ground squirrel, tridecemlineatus. 
This rodent was found quite rich field for investigation 
protozoan parasites the aforementioned animals. 

The protozoa far found residents the coecum the 
striped ground squirrel comprise one species Endameba 
citelli; one species Chilomastix; two species Trichomonas, 
one them probably new; one species 
subgenus one species Hexamitus; and 
flagellate which either species Urophagus. 
the small intestine Giardia was found. Endameba citelli, 
and its pathogenic parasite, were described 
the writer (1926) previous paper. The Giardia was sent 
for identification Dr. Hegner, who found new 
species.* The Chilomastix, Trichomonas, Tetratrichomastix, and 
Hexamitus will reported upon this paper the order named. 
The preparations the other flagellate were not entirely suitable 


*Since this paper went press paper Dr. Hegner has appeared 
which this Giardia described. See Hegner, 1926. Giardia beckeri sp. 
from the ground squirrel and Endameba dipodomysi sp. from the kangaroo rat. 
Jour. Paras. 12: 203-206. 
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for critical study, and the specimens were very scarce. Conse- 
quently description this species (Hexamitus Urophagus) 
must delayed until more suitable material obtained. Twenty 
ground squirrels all were examined for protozoa. All save one 
harbored infinite numbers protozoa the This one 
had only light infection. 

The technique consisted careful microscopic examination 
thin emulsions the contents normal salt solution. 
Permanent prepared slides were made Heidenhain’s iron- 
staining after fixation Schaudinn’s solution. 

Chilomastix magna sp. nov. This protozoan was found all 
twenty ground squirrels. The shape essentially like that 
Chilomastix mesnili from man, pyriform with three flagella the 
broadly rounded anterior end. There often tuft short 
bristly cuticular projections the region the flagella (Fig. 1). 
may present either living stained material, and not 
fixation artefact. Fixed and stained individuals measured from 
21.6 micra length and from micra width, the 
average width being about micra. The length Chilomastix 
mesnili, given Kofoid and Swezy (1920) from 9.6 
micra stained preparations. writer measured number 
Chilomastix mesnili slides which had prepared, and found 
range from micra. When one considers that twenty 
out thirty specimens Chilomastix magna measured from 
21.6 micra, will seen that this flagellate almost twice 
long the one found the intestine man. 

study the cytology this protozoan promised 
particularly interesting because the discrepancies between the 
accounts Chilomastix mesnili Kofoid and Swezy (1920) and 
Dobell and O’Connor (1921). authors are particularly 
outspoken flatly denying the existence certain cell structures 
which the former claim have seen. Without desiring 
become any way involved the controversies these writers, 
the writer must state that his observations agree more nearly with 
those Kofoid and Swezy, although his interpretations may 
differ certain respects. The morphology the free form, 
cyst, and dividing individuals will described. 

The nucleus the free form lies the extreme anterior end 
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the body. Measurements indicate diameter from 4.5 
micra. Anterior the nucleus lie number deeply staining 
granules, concerning the affinities which there much 
controversy. Kofoid and Swezy’s account the arrangement 
these granules based largely upon their observations the 
cyst somewhat follows. There lies upon the nuclear mem- 
brane centrosome, which connected the rhizo- 
“transverse rhizoplast.’’ Finally, another thin thread-like line 
connects the secondary and tertiary blepharoplast. Directed 
somewhat posteriorly from the secondary and tertiary rhizoplast 
are two deeply staining fibrils, the one (parastyle) supporting the 
left lip the cytostome, the other (parabasal body) supporting 
the right lip. Two the three anterior flagella take their origin 
the primary blepharoplast, one from the secondary. From the 
tertiary rhizoplast there arises, addition the 
the cytostomal flagellum and thread enclosing the 
mouth, the fiber.” The cytostomal flagellum 
vibrates along the edge undulating membrane. Dobell 
and O’Connor deny the existence any integrated fibrillar 
system (neuromotor system), connections between the granules 
the anterior end, claiming addition that there are six 
granules instead four. Furthermore, regard the peri- 
stomal fiber they state, believe there such fibre, and 
that the mouth not situated this position.” 

Despite long and painstaking study the writer was not able 
make out all the details the granule complex with the positive- 
ness Kofoid and Swezy. That there integrated fibrillar 
system connecting the granules, however, the writer has doubt. 
The rhizoplast connecting the blepharoplasts designated 
Kofoid secondary and tertiary especially prominent most 
specimens because its thickness and deeply-staining qualities 
(Fig. 12). fine rhizoplast running from granule the 
nuclear membrane was occasionally recognized. The best evi- 
dence for the fibrillar system, however, comes from the dividing 
stages, which will described below. The writer was not able 
make out the exact affinities the flagella, because the 
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impossibility resolving the granules the granule complex. 
Fig. represents one the best observations which the writer 
was able make. 

structure was noted which Dobell and O’Connor neither 
mention nor figure, but which resembled very much Kofoid and 
figures the peristomal fibril enclosing more deeply- 
shaded granular area, the cytostome. Chilomastix magna, this 
structure takes its origin the blepharoplast complex, and passes 
posteriorly just dorsal the cytostome and right supporting 
fibril (Kofoid’s body’’), consider the cytostome 
the ventral side. usually extends far beyond the 
posterior curvature this fibril into the posterior region the 
body (Fig. appears surrounded fibril. This 
structure, however, has three dimensions, and from one third 
one half deep broad, proved polar views number 
reality membrane marking the boundary between this 
structure and the remaining cytoplasm. Rarely this structure 
appears adhere the right supporting fibril (Fig. 
others, connection between the two evident (Fig. 1). 
There connection between this body and the cytostomal 
flagellum, which lies between the right and left supporting fibrils 
(Fig. 12). 

What the function this oral structure 
associated with the mechanism for the intake not 
visible the unstained living specimens, this point could not 
determined. reserve food supply? Failure stain 
either with iodine intra vitam with Janus green gives clue. 
For the present the writer prefers call 
because its non-committal significance anything 
function, although does not stain with Janus green, which 
Shipley (1916) found would color the parabasal body Trypano- 
soma lewisi and Becker (1923) found would color the parabasal 
bodies Crithidia and Herpetomonas, suggesting their mitochon- 
drial nature. Besides this structure, other organelle re- 
sembling peristomal fiber was seen. Might not that this 
body much shorter Chilomastix mesnili, and that the 
sharpness its limiting membrane led Kofoid and Swezy call 
peristomal fiber? 


The cyst typically lemon-shaped (Fig. 6). The size 
markedly constant, every mature cyst measuring almost exactly 
7.5 micra except one, which measured micra. 
way comparison the writer measured twelve cysts Chilo- 
micra. This indicates that the cyst Chilomastix magna 
somewhat larger than that Chilomastix mesnili, but there not 
the difference size that there the free stages. The cyst 
contains nucleus, the cytostomal structures, and the parabasal 

There nowhere the literature anything like complete 
account the cell division Chilomastix. For this reason was 
thought quite worth while spend large amount time 
searching for dividing specimens, although they were extremely 
rare. result fairly complete account the process can 
now given, although not all points have been cleared up. 

What the writer conceives the resting nucleus repre- 
sented There may one blob chromatin 
the inner anterior surface the nuclear membrane, there 
may one blob here and another the posterior portion the 
nucleus (Figs. 12), there may large number smaller 
granules lying the nuclear membrane (Fig. 7). There 
cloud chromatin granules scattered thruout the entire nucleus. 
Very often this time small deeply staining spot, endobasal 
body, intranuclear kinetic element visible (Figs. 12). 

little later the granules become more concentrated and form 
large endosome (Figs. Careful study this endosome 
shows that sometimes concentration granules (Fig. and 
sometimes apparently knot” (Figs.9, 10). Oftena 
deeply-staining intradesmose visible the points where 
passes from the endosome the blobs chromatin one 
both poles the nucleus. 

The endosomal chromatin becomes resolved into chromosomes, 
which appear dumbbell-shaped. was not possible 
count them exactly any case, but the number near ten. 
Strangely enough, the intradesmose could not observed this 
stage. Perhaps lay too close the nuclear membrane, for 
which there some evidence given later. 
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The chromosomes arrange themselves equatorial plate, 
and spindle forms. Fig. exact drawing the spindle 
the time first comes into evidence. The poles the spindle 
are the blobs chromatin the poles the nucleus which the 
intradesmose had previously terminated. There some evidence 
that these blobs chromatin are not the centrioles, but that the 
centriole lies within them; Fig. shows what appear 
two centrioles lying against the chromatin blobs. 

mitosis progresses the spindle elongates considerably, the 
nucleus elongating simultaneously and the nuclear membrane 
commencing dissolve. The polar blobs chromatin disap- 
pear, leaving the tiny centrioles the poles the spindle (Fig. 
3). The chromosomes the dividing equatorial plate the 
early anaphase become massed together that not possible 
count them, although some cases they may appear mass 
discrete granules. 

The oral apparatus the parent cell (right and left supporting 
fibrils, blepharoplasts, etc.) has degenerated. The centrioles 
divide, leaving connecting rhizoplasts each centriole and 
its daughter blepharoplast. The daughter blepharoplast divides 
least once (perhaps more), and from the products the 
division the left and right supporting fibrils the mouth grow 
out. The intradesmose evidence along the nuclear mem- 
brane, connecting the centrosomes the poles the spindle. 

The intrazonal spindle fibers disappear the late anaphase, 
and the two halves the equatorial plate are disconnected from 
one another (Fig. 4). The remains the spindle attaches the 
chromatin mass the centrioles, while fine rhizoplast connects 
the centriole with the blepharoplast complex. Fig. appears 
inconsistent with Fig. regard the points attachment 
the intradesmose which traverses the cell. extremely 
difficult resolve the granules exactly, and the writer has put the 
intradesmose each case exactly where appeared be. 
this stage the has appeared, and lies its 
permanent position, just dorsal the right supporting fiber. 

The cell constricts the middle (Fig. 5). The two daughter 
cells then reconstruct themselves, each with complete new set 
cell organelles. During division food particles can seen 
the cell protoplasm. 
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Trichomonas muris (Hartmann) var. citelli. This flagellate 
was encountered only three out twenty ground squirrels. 
common inhabitant the albino, house, and 
wild mice. The form from the ground squirrel, however, 
closely resembles its important features Wenrich’s (1924) 
variety this species. Furthermore, the chromosome count 
agrees with the number which Wenrich found muris. The 
size muris prepared slides, according Wenrich, ranges 
from micra, with average 12.9 micra. The average 
the body length 100 individuals from the ground squirrel, 
not including the protruding axostyle, was micra, somewhat 
larger than Wenrich’s measurements. 

The reader referred Wenrich’s excellent account for the 
detailed description this species. rhizoplast connecting the 
nucleus and blepharoplast was seen the writer some cases. 
Andrews (1925) also saw termopsidis. One other rather 
unimportant respect which the form from the ground squirrel 
differs from description the arrangement the 
row chromatic the form studied the 
writer the granules this area constitute field rather than 
linear series (Fig. some specimens small granular body 
was noted near the anterior end, although Schaudinn’s fixative 
was used (Fig. 13). This was interpreted the parabasal 
body, described Wenrich. What the writer saw was evi- 
dently residue left after the mitochondrial substance had been 
dissolved out. This parabasal body, however, does not stain 
intra vitam with Janus green. 

Large numbers dividing individuals were found. The 
writer has nothing add Wenrich’s account. Several good 
chromosomes counts were made the anaphase (Fig. 14) and 
prophase (Fig. 15). The number was six, agreement with 
Wenrich. There seemed most cases fairly definite size 
range for the prophase chromosomes from one large chromosome 
down toa very small one Multiple mitosis somatella 
formation the nature that observed and described Kofoid 
(1915) was not seen this material. 

Trichomonas sp.? This small flagellate was present usually 
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large numbers all ground squirrels examined. The body 
elliptical, with pointed posterior end, due the protruding 
axostyle (Fig. 19). Length from 6.5 micra without the 
axostyle which protrudes from micra beyond the body. 
The nucleus lies the anterior end. the resting stage there 
round central chromatic endosome, achromatic nuclear 
membrane, with space between the endosome and membrane 
which clear except for sprinkling fine granules. The 
endosome prominently visible even living unstained speci- 
mens. large deeply staining basal body lies anterior the 
nucleus. From arise axostyle which curves about the 
nucleus, and passes the posterior end the body; three an- 
terior flagella; and fourth flagellum which directed toward 
the posterior. lies close contact with the body for about 
half the length the cell, and the remaining length trails behind. 

Typically, members the genus possess 
undulating membrane with chromatic basal rod; e.g., Tricho- 
monas muris. This flagellate possesses true undulating 
membrane, since the posterior flagellum which the homologue 
the marginal flagellum lies close the body. vibrates only 
slightly the anterior region, while the free posterior end quite 
active. Stained preparations show chromatic basal rod. 
Whether these differences are sufficient create new genus 
doubtful. Stained preparations often show large open cyto- 
stome (Fig. 17). living preparations usually closed. 

Very few dividing forms were found, and hence chromosome 
counts were made. Sometimes this flagellate parasitized 
(Fig. 19). 

Tetratrichomastix citelli sp. nov. This flagellate (Figs. 16, 18) 
was present nineteen the twenty ground squirrels. The 
body irregularly pyriform, but approximately bilaterally 
symmetrical, due slight indentation just behind the anterior 
tip the body from which the flagella leave the body. The 
axostyle protrudes from the posterior tip the body. The body 
length, exclusive axostyle, ranges from micra. The 
axostyle often extends micra beyond the body. The 
flagella are five number, four anterior ones which beat back- 
wards unison, with lashing strokes, and which 


q 


q 
| 


FLAGELLATE FAUNA SQUIRREL. 295 


does not come far forward the others its lashings. The 
flagella arise from blepharoplast situated the anterior 
surface the nucleus. almost impossible count the 
flagella the living cell, because their peculiar movements. 
large number favorable observations the stained specimens 
makes fairly certain that the number five. 

The nucleus round, and possesses tiny endobasal body 
embedded mass granules (Fig. 16). Sometimes only 
larger deeply staining endosome seen (Fig. 18). About the 
nucleus sometimes seen cloud granules (Fig. 16). 

The axostyle passes from the anterior end the posterior tip. 
stains lightly. number favorable observations show that 
originates the basal granule. 

cytostome often indistinctly seen the anterior end. 

Hexamitus pulcher sp.nov. This Hexamitus, found eighteen 
the twenty ground squirrels, characterized the presence 
the living cell large number slightly refringent spherules 
which stain intra vitam green with Janus green first, then later 
are reduced the red. These granules dissolve out for the most 
part Schaudinn’s fixative, although the cytoplasm the 
stained cells markedly granular (Figs. was because 
the wealth mitochondria and the beauty the vital stain 
with Janus green that the specific name pulcher was given. The 
body irregularly oval, bilaterally symmetrical, and somewhat 
plastic. The size does not vary much from eight ten micra 
length six seven micra width. 

The flagella are eight number, the anterior pair projecting 
almost right angles the body and vibrating actively the 
living cell. Two other pairs are inclined wrap themselves 
about the body giving the deceptive appearance possessing 
several undulating membranes. The posterior pair leaves the 
body the posterior tip. Between them the posterior tips the 
axostyles protrude. 

Stained slides show the cell structures more plainly (Figs. 20, 
21). the anterior region each side the median line 
elongated, deeply staining, nucleus. Between the nuclei lie 
pair blepharoplasts from which the flagella arise, altho some- 
times there seem two pairs. pair axostyles the axis 
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the body terminate about the location the blepharoplasts. 
the anterior tip the cell dark spot connected each 


axostyle fine fiber. 
SUMMARY. 


The intestines twenty ground squirrels (Citellus tridecemli- 
neatus) were examined for protozoa. The following species 
protozoa were found present: Giardia sp.?, Endameba 
Chilomastix magna sp. nov., Trichomonas muris var. citelli, 
Trichomonas sp.?, Tetratrichomastix (Eutrichomastix) citelli sp. 
nov., and Hexamitus pulcher sp. nov. The first was found the 
small intestine, all the others the this paper all the 
above species except the first two are described, particular 
attention having been given the morphology the free 
Chilomastix magna and its division phases. 

far known, all these protozoa are commensals. Whether 
not they assist the digestion cellulose, which said take 
place very largely the certain animals, unknown. 
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EXPLANATION PLATE. 


ca. 1950. 


Fic. magna, free form, showing tuft cortical projections 
flagellar region, and dorsal view the cytostomal structures. Large granular body 
dorsal cytostomal organelles the parabasal 

Fic. Chilomastix magna, free form, dorsal view with ‘‘parabasal 
apparently following right supporting fiber cytostome. 

Fics. magna, free form, division. 

Fic. Chilomastix magna, cyst. 

Fics. 11. (Not according scale.) Various nuclear appearances found 
Chilomastix magna. 

Fic. 12. (Not according scale.) Dorsal view nucleus, integrated fibrillar 
system and cytostomal structures Chilomastix magna. 

Fic. 13. Trichomonas muris var. citelli. 

Fic. 14. Trichomonas muris var. dividing, nucleus anaphase. 

15. muris, prophase nucleus Trichomonas muris showing 
six chromosomes. 

Fics. 16, citelli, free forms. 

Fics. 17, 19. Individual Fig. infected Spherita. 

Fic. 20. Hexamitus pulcher, side view. 

Fic. pulcher, front view. 
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VARIATION THE NUMBER THREE 
SPECIES FUNDULUS THE WOODS 
HOLE REGION. 


ROBERT PAYNE BIGELOW. 


While engaged the study the feeding habits young fishes 
August, 1924, the author collected Woods Hole Harbor 
number young Fundulus having total length from 
mm. All except the youngest these fish showed the darkly 
pigmented vertical bands, number, characteristic the 
young all three the species Fundulus known occur 
the vicinity Woods Hole. (Jordan Newman, 

The color markings give clue specific identity this 
stage, and the anatomical proportions, changing they with 
growth, are equally useless for identification. the other hand, 
certain supporting structures, such and fin-rays, are 
developed early stage and remain constant number 
throughout life. Therefore was hoped that the number fin- 
rays would furnish means assigning these young fish their 
proper species. 

The number fin-rays the dorsal and anal fins the smallest 
fishes the collection (total length and mm.) were found 
The two next size (14 and mm.) had 
seven out ten had more than dorsal rays. 

Turning Jordan and Evermann for identification, the 
fin-ray for the species known occur Woods Hole 
formulz alone might have been supposed that the specimens 
question were diaphanus. But this was improbable because 
they were taken the pure sea water Woods Hole Harbor, 
whereas diaphanus supposed inhabit only brackish 
fresh water. the other hand, the number rays the dorsal 
fins was much greater than the numbers given for the two purely 


marine species. 
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Therefore was decided make fresh examination the fin 
structure the adults the three local species, and thorough 
search the literature this subject. The results this 
investigation are given the present paper. 

The divergence the present results from those obtained 
previous investigators may due the difficulties obser- 
vation. The fin-rays Fundulus are all the soft kind. Each 
consists two parallel columns segments bilaterally 
arranged. the anal fin the first and last the rays are 
unbranched. The other rays are branched dichotomously, one 
half one third the distance from the base, and usually the 
longer branches are bifurcated again. both the dorsal and the 
anal fins the ray bordering the posterior margin frequently very 
slender and easily overlooked. some specimens there are two 
very slender posterior rays closely united the base. 

preserved specimens that have been hardened with the fins 
flexed, the folding the fin makes very difficult observe the 
posterior rays. the present investigation observations were 
made with binocular microscope and transmitted light. Some 
the specimens were examined while fresh. Most them were 
killed and preserved per cent. neutral formalin sea water, 
after being anzsthetized few crystals chloral hydrate 
inserted the mouth. The specimens killed were placed 
the formalin one time and the dorsal and anal fins were 
quickly grasped with forceps and held extended position 
until sufficiently hardened. order that the specimens should 
lie flat the dish during the remainder the hardening process, 
the air-bladder was punctured incision the body-wail just 
above the tip the pectoral fin and parallel its dorsal edge. 
this method specimens were preserved with the dorsal and 
anal fins the best posture for observation. 

the transparent fins diaphanus prepared this way 
and viewed with the binocular microscope, was easy count the 
fin-rays when illuminated transmitted light. the two other 
species pigmentation the fin often obscured the rays. This 
especially true the densely pigmented dorsal fin hetero- 


clitus, which was times necessary use dissecting 
needle. 
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The anal fin the females heteroclitus presents another 
difficulty. the anterior edge this fin, and extending from 
its base nearly half way the tip, thick fold skin enclosing 
the oviduct (as stated Jordan and Evermann The 
thickened skin extends backward over the bases the first and 
second rays, least, and may make count impossible without 
dissection. 

The adult material for this study consisted males and 
females heteroclitus and males and females 
majalis, both species from small salt water pond connected with 
the head Woods Hole Great Harbor, and also males and 
females diaphanus from Oyster Pond (fresh water) 
Falmouth, Massachusetts. 

Although the number specimens too small for statistical 
accuracy, the results obtained show that the populations repre- 
sented have considerably more variation the number fin-rays 
than indicated the previously published descriptions these 
three species. 

Full descriptions have been published Bean, and 
Garman Jordan and Evermann Smith the 
following table the results the present investigation are given 
comparison with those the authors just mentioned. 


Present Results. Previous Authors. 


Number Fin-rays. 


Each one the three species has the average characteristic 


dorsal rays, but and are not infrequent. only 
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was found with rays the dorsal fin. the anal fin 
rays were found, the latter number having more than twice the 
frequency the former. 

Turning majalis, find much greater number dorsal 
rays, and being almost equally frequent. Three specimens 
had dorsal rays. specimen was found with few 13. 
the anal fin the number very constant. specimens, 
none was found with less than 11, and only with one more ray. 

The third species, diaphanus, resembles the second the 
structure the dorsal fin, having usually rays with con- 
siderable variation both sides the mean. But its anal fin 
this species differs from both the others having more rays. 
almost invariably has anal rays, rarely one more one less. 

Comparing the numbers reported the literature with 
findings, will seen that Garman’s statements agree most 
closely with results. The figures given the standard 
manuals for the identification fishes, like Jordan and Ever- 
mann’s great work, are generally lower than mine. 

The differences may due the difficulties observation 
under less favorable conditions, they may due peculi- 
arities the local races inhabiting the waters about Woods Hole. 
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LIFE HISTORY PRORODON GRISEUS. 


GEORGE TANNREUTHER, 


INTRODUCTION. 


Prorodon griseus, Holotrichous ciliate, somewhat plastic and 
variable shape. When distended about two and one half 
times long wide, with its anterior end slightly wider (Figs. 
extreme posterior end. The pharynx supported twenty 
thirty rod like structures. The contractile vacuole postero- 
terminal. The delicate cuticular membrane finely and closely 
striate longitudinally. trichocysts are present. The cilia 
over the entire body are uniform length, except the anterior 
end where they are slightly longer. These longer cilia are quite 
active during the process feeding. layer deeply stained 
bodies are found the outer border the ectoplasm. The 
locomotion the expanded forms rather smooth, rapid and 
straight forward, turning their long axis. When contracted 
the motion chiefly rotary. 

The purpose the following paper give brief account 
the more important features the life history griseus. 


NATURAL 


The material was collected from small rain pools, es- 
pecially from small hog wallows, which one their most 
favorable habitats for rapid growth and multiplication. When 
present these small rain pools they are usually found the 
surface film rather large clumps, instead being distributed 
throughout the water. When these rain pools completely 
dry abundance encysted forms are found the dry sediment 
the sides and bottom. Collections were made regular 
intervals (including encysted forms from the dry sediment), 
during the summer months 1925. The material was placed 
finger bowls with tap water added from time time counteract 
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the evaporation. Few free swimming forms were found when 
collected. But within twenty four hours great numbers would 
escape from the cysts. Conjugation occurred immediately the 
beginning the free swimming stage. The period conjugation 
lasts from three four more hours. The ex-conjugants 
remained the active swimming stage indefinitely, dependent 
upon external conditions. 

Encystment quite common, may occur any period 
their life history and serves more for protection carrying them 
over adverse conditions, due extreme temperature drought. 
The cysts many cases are large, spacious and permit freedom 
motion within (Fig. 2a). the formation the cysts the 
animal always contracts, assumes spherical shape and rotates 
rapidly while secreting the cyst. The secretion evenly dis- 
tributed the aid the beating cilia. The animal usually 
forms its cyst contact with some fine sediment, which acts more 
background. The cysts show considerable variation 
their flexibility and thickness (Fig. The cysts are either 
thin temporary and thick permanent. The animal may 
remain within the temporary cyst but short time, then escape, 
and immediately begin the formation new cyst. Large 
numbers cysts are often found immediate contact and form 
sort network, Fig. The animal just before escaping 
from the cyst becomes unusually active presses against one side 
the cyst wall and breaks through. The permanent cysts differ 
from the temporary cysts, that they are thicker, due the 
secretion new concentric layers within the first, until there 
little space left for the animal within (Fig. 2f). After the perma- 
nent cyst completed the animal becomes quiescent and remains 
this condition indefinitely, least until internal reorganization 
complete. 

studying the formation the cysts under the cover slip, 
was found that the temporary cysts were often formed within 
thirty minutes, while the thick permanent cysts required from 
three five hours for their complete formation. some the 
permanent cyst under observation the animal remained quiescent 
for three days more and then began very rapid rotary motion 
within and soon escaped. The animal evidently must secrete 
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some substance which helps dissolve the cyst wall, 
becomes thinner before their escape. experiments were made 
determine how long the encysted animals were able survive 
under adverse conditions. very small part their life history, 
however, passed the free-living condition, even under 
favorable conditions verified the laboratory. 


MATERIAL AND METHODs. 


The material was fixed various stages the Life history 
the animal. Bouin’s fluid was found give satisfactory results. 
The animals were removed from the cultures with the aid 
pipette avoiding excess water, and spurted into the tubes with the 
killing fluid. The centrifuge was quite helpful concentrating 
the animals one end the tube. The specimens were stained 
Delafield’s hematoxylin Tulodin blue. stain gave 
good results. was added the ninety-five per cent. 
alcohol for cytoplasmic differentiation. The animals were then 
dehydrated, cleared xylol and mounted balsam. For 
sections the animals were imbedded paraffine, sectioned and 
stained the slide. The sections were quite helpful checking 
the results found the whole mounts. 


Brnary 


Reproduction binary fission may occur 
during encystment (Fig. 2d), but found more abundant 
during the free active stages. Transverse division the encysted 
stage rather difficult verify the whole mounts, since the 
division the cytoplasm rule can not recognized except 
sections. Division the free-swimming stage more distinct 
and the different stages can followed step step. The 
animal shortens somewhat its long axis. The nuclear 
activities (Figs. are similar those encysted forms. 
The micro-nucleus common ciliates divides first before 
division the macro-nucleus. The macro-nucleus varies con- 
siderable shape from spherical somewhat elongated 
curved condition. The elongated nucleus binary fission often 
becomes constricted nuclear cleft without any further 
elongation and half going either new daughter cell (Fig. 6). 
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again the macro-nucleus elongates more and more until the 
halves are connected mere thread and finally constricts when 
the separation the cytoplasm the formation the daughter 
cells complete (Fig. 5). 

The new pharynx with its rod-like structures and the new 
contractile vacuole are formed before the nuclei divide. The 
entire process binary fission requires about one and half hours 
for completion. Binary fission occurs any period the life 
cycle the animal. But the greater number divisions were 
found occur after conjugation during the active feeding stage. 
But the conjugants encyst immediately after separation, due 
adverse conditions, binary fission occurs within the cyst (Fig. 2d)- 


NUTRITION. 


The direct observation the feeding process Prorodon 
rather difficult, due the rotary motion the individuals when 
stationary when swimming. The animal feeds chiefly upon 
bacteria and other small unicellular organisms. The origin, 
formation and fate the food vacuoles comparable that 
other ciliates where more easily followed. The animal 
times gorged with food vacuoles, that cytological study 
impossible, since the body appears mass indistinctly 
stained objects. Many the individuals during feeding increase 
from two three times volume before binary fission occurs. 
This increase size however, due more expansion than 
growth. The large mass food vacuoles within the organism 
undergoes constant movement one direction for short 
intervals and then moves and fro sort churning. This 
constant circulation the food vacuoles doubt greatly 
facilitated the constant rotary motion the organism. The 
food within the vacuoles undergoes rapid digestion lique- 
faction giving the vacuoles clear content, which soon passes out 
into the cytoplasm. The food vacuoles rule are quite large, 
due the great amount fluid surrounding the food. Thus 
giving the appearance vesicle with clear border and dark 
center. The vacuoles finally collapse and the indigestible 
particles are voided the posterior end through the anal 


pore. 


HISTORY PRORODON GRISEUS. 


Fic. Whole mount drawing Prorodon griseus show structure. ph., phar- 
ynx; v., contractile vacuole; anal pore. 

Fic. forms; a., temporary cyst; conjugants within cyst; 
escape from cyst; d., binary fission within cyst; cyst shell; f., individual within 
permanent cyst. 

Fic. Expanded conjugants. 

Fics. AND Different stages the binary fission free forms. 

Fic. Conjugating individuals, early stage. 

Fic. Early conjugation before union conjugants effected. 

Fics. AND 10. Micronuclei different stages the first maturation 
division. 
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CONJUGATION. 


Conjugation occurs shortly after the animals escape from the 
cysts. the early stages conjugation the conjugants become 
spherical and press closely against each other, giving the sem- 
blance binary fission. The animals rotate very rapidly 
their long axes, slightly moving back and forth the sides 
contact (Fig. The anterior ends the conjugants are 
slightly turned towards each other, that the free end either 
pharynx comes contact. small cytoplasmic bridge then 
formed between the two individuals close proximity and 
front either sub-terminal oral aperture. Thus the conjugation 
terminal end conjugation instead lateral which more 
common the ciliates (Figs. 8). The animals feed but little 
during conjugation. The conjugants often vary considerable 
size. The period conjugation lasts about four hours. When 
the union the two animals complete they elongate, with 
their anterior ends turned towards each other, and swim rapidly 
through the water, rotating their long axes (Fig. 3). This 
method activity may continue until conjugation complete. 
But the greater number conjugants observed during the 
process, became quiescent usually contact with some sediment. 
They assumed spherical form and rotated quite rapidly. 
While this position temporary cyst often formed and the 
conjugation completed within the cyst (Fig. the cyst 
however, with the conjugants disturbed they may escape before 
conjugation complete and again move freely through the 
culture. second temporary cyst seldomly formed. This 
process conjugation within cyst often taken for binary 
fission and that the two daughter cells produced within the cyst 
conjugated before escaping. This however, not the case, since 
the first steps conjugation all individuals, observed under 
the microscope, took place the free swimming stage. The 
temporary encystment the conjugants when occurs second- 
ary and not essential except sudden adverse conditions, since 
does not occur normal conditions the forms are continually 
agitated during conjugation. 

The relation the conjugants straight line with their 
anterior ends united the figures indicate, due more their 
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contraction during fixation (Figs. 16). The nuclear activities 
during conjugation can best followed the encysted forms, 
better perhaps those that have just escaped from the cysts and 
become expanded, since they are freer from stained food vacuoles. 
The single micro-nucleus the resting stage always situated 
near the macro-nucleus, but never within (Fig. 7). 


MATURATION DIVISION. 


The micro-nucleus first stains homogeneous mass with 
dark center (Figs. 7). soon enlarges, migrates towards 
the anterior end and becomes vesicular with central chromatin 
mass granules spireme, surrounded large clear area 
(Figs. 16). The chromatin becomes concentrated into eight 
distinct staining bodies, which become elongated (Figs. 9). 
the first maturation spindle fibers extend towards either pole 
and the eight chromosomes divide transversely, giving rise two 
equal masses daughter micro-nuclei (Figs. 
ately after division the two micro-nuclei pass into the resting 
stage (Fig. 11). 


SECOND MATURATION DIVISION. 


The second maturation division similar that the first. 
Both micro-nuclei either conjugant undergo division. The 
micro-nuclei with their darker staining center become vesicular 
(Figs. 11, The chromatin first irregular spireme 
becomes condensed into four double-staining bodies (Fig. 13), 
which elongate the form four double rods. The reduction 
eight single rods four indistinct double rods can con- 
sidered the reduction stage. The four bivalent chromosomes 
become arranged the equatorial plate parallel the long axis 
the spindle, and apparently divide transversely instead 
longitudinally, indicated Figs. and 15. the close 
the second division the first the chromatin passes into the 
resting more vesicular condition before the next division 
(Fig. 16). 


DIVISION. 


The four micro-nuclei resulting from the second division are 
about the same size when first formed (Fig. 16). The four 
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Fics. 11-15. Different stages the second maturation division, showing the 
method reduction the chromosomes. Both micronuclei are dividing. 

Fic. 16. Micronuclei produced the second maturation division. The 
micronuclei are the prophase stage the third division. More than two 
micronuclei seldom divide the same conjugant. The macronuclei are the first 
stages disintegration. 

Two the micronuclei either conjugant are dividing. The others 
are deteriorating. The macronuclei are dividing nuclear clefts. 

Fic. 18. single micronucleus either conjugant dividing. 

FIGs. AND 20. Formation and exchange pronuclei. The pronuclei vary 
size, corresponding moving and stationary nuclei. 
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micro-nuclei either conjugant rarely undergo division. 
most cases but two the micro-nuclei divide, and occasionally 
but one divides. Those that not divide show very dark 
center first, becoming fainter, taking less and less stain and 
finally disappear within the cytoplasm absorption (Figs. 17, 
19): The activities the origin, formation and division the 
four chromosomes are quite distinct (Figs. 16-18). Fig. 
shows two micro-nuclei either conjugant the process 
division. The others are disintegrating. Fig. shows but 
single division either conjugant. While Fig. there one 
one conjugant and two the other which are dividing. The 
significance this variation the number micro-nuclei the 
third division still open question for explanation. The 
inactive micro-nuclei may persist indefinitely before their final 
absorption takes place. The micro-nuclei the third division 
migrate toward the anterior end either conjugant, where they 
complete their division and form the pronuclei (Figs. 
The third division differs from the first and second maturation 
divisions that there elongated connecting fiber between 
the two daughter nuclei. This connecting fiber not entirely 
part the spindle, but due more the drawing out the 
nuclear membrane before separation complete (Figs. 


PRONUCLEI AND THEIR FUSION. 


There slight difference size the pronuclei either 
conjugant. The smaller can considered the moving 
pronucleus and the larger the stationary pronucleus (Figs. 
20-21). The interchange the pronuclei shown Figs. and 
21. The fusion the pronuclei occurs near the anterior ends 
the conjugants (Figs. 22-23). the formation the conju- 
gation nucleus (amphinucleus), the pronuclei first are spherical 
and vesicular (Fig. 22). But later become slightly elongated. 
The sides the nuclear membranes contact may persist for 
awhile and prevent the direct fusion the chromatin, giving the 
appearance double fusion nucleus (Fig. 23). 


CLEAVAGE AND FORMATION NEw NUCLEI. 


The number divisions the conjugation nucleus varies 
different forms. may divide once, twice, three even four 
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Fic. 21. Same preceding figure with pronuclei slightly enlarged. Both 
macronuclei are spherical. 

Fic. 22. Early stages the fusion the pronuclei. 

Fic. 23. Later stages the fusion the pronuclei. The macronuclei are 
their first stages disintegration. 

Fic. 24. Early cleavage stage the fertilization nucleus. The macronucleus 
has divided into several parts. 

Fic. 25. the cleavage the fertilization nucleus and the begin- 
ning size differences the daughter cleavage nuclei. 

Fic. 26. The two cleavage nuclei remain connected delicate fiber 
their early differentiation the formation the new micronucleus and the new 
macronucleus. 

Fics. 27-30. Different stages the differentiation the new micronucleus 
and the new macronucleus. Also the last stages the disintegration and absorption 
the old macronucleus, ma., old macronucleus. 
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times, the latter case Bursaria truncatella, before the differ- 
entiation the new micro-nucleus and the new macro-nucleus 
occurs. Prorodon griseus there single division. The 
conjugation nucleus immediately after its formation, enlarges 
somewhat and divides equally. The eight chromosomes are 
distinct and can counted without difficulty. The 
nuclei when first formed are quite similar size and structure 
(Figs. 24, 25). The two daughter cleavage nuclei often remain 
connected delicate drawn out fiber, shown Fig. 26. 
One the daughter cleavage nuclei decreases somewhat size 
and produces the micro-nucleus. The other enlarges and be- 
comes differentiated into the new macro-nucleus (Figs. 25, 26). 
The different stages the formation the new macro-nucleus 
are represented Figs. The chromatin network the 
macro-nucleus first quite uniform about the same texture 
throughout. The chromatin later, becomes quite distinct (con- 
centrated) the center, with less dense spireme around its 
border (Figs. 27, 28). The dark center chromatin enlarges 
until the nucleus more less homogeneous throughout (Figs. 
29, 30). The new macro-nucleus first spherical, but later 
may assume different shapes indicated above. The conjugants 
become separated during the formation the new nuclei. 
single division the conjugation nucleus and that the two 
daughter cleavage nuclei become differentiated into the new 
macro and the new micro-nucleus respectively. 


THE OLD MACRONUCLEUS. 


The macronucleus the free swimming forms, indicated 
above, rather variable, ranging shape from circular form 
elongated condition, times somewhat curved. 
During early conjugation the nucleus when elongated shortens 
slightly and frequently divides into two more parts (Figs. 
But most cases does not divide all (Figs. and 
The chromatin becomes more and more condensed and 
stains dark homogeneous body. The border the dark 
staining nucleus fades out, leaving dark center within clear 
boundary (Figs. and 25). Finally the dark center fragments 


— 
q 
7 


314 GEORGE TANNREUTHER. 


into many small bodies and disappears within the cytoplasm 
leaving clear unstained outline (Figs. which later 
absorbed. The old macronucleus sometimes persists the 
exconjugants after the formation the new micronucleus and 
macronucleus are complete, before the beginning its dis- 
integration. 

Occasionally when the macronucleus one the conjugants 
situated the anterior end close proximity the cytoplasmic 
bridge figure fifteen, would carried over the opposite 
conjugant, due the movement the cytoplasm within. The 
two macronuclei within the same conjugant however, pass 
through the usual stages their disintegration. This passing 
over the macronucleus through the cytoplasmic bridge from one 
conjugant the other quite common one the species 
Chilodon, where its passage can followed the living forms. 
Chilodon, however, not only the macronucleus may pass toto 
from one conjugant the other, but the macronucleus either 
conjugant divides, one the resultant daughter nuclei acting 
the moving nucleus and the other the stationary nucleus, 
comparable the micronuclear activities normal conjugation. 


GENERAL REMARKS. 


Conjugation and binary fission the ciliate griseus, 
knowledge, has never been described. The general activities 
however, reproduction for the most part agree with the results 
investigators found other ciliates. 

One the chief points interest studying the different 
stages the life history the ciliate griseus, the direct 
association binary fission and conjugation with encystment. 
The entire process cell division may occur within given cyst. 
While the first steps conjugation always occur (as far 
observations go), the free swimming forms and encysts later 
when the union the two conjugants complete. Temporary 
encystment however, can not considered essential for binary 
fission and conjugation. Since both may occur the free forms. 
Encystment here acts more protection unusual adverse 
conditions. instance observed did the daughter cells pro- 
duced binary fission within the cyst, undergo conjugation 
before their escape. 
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griseus differs from most Holotrichs, the first stages 
conjugation, that each conjugant contracts, becomes sperical, 
and rotates vigorously. The sides contact are somewhat 
flattened, with their sub-terminal oral apertures facing each other. 
They remain this spherical shape until point cytoplasmic 
union complete (Fig. Then they elongate (Fig. 3), and 
move freely through the culture until conjugation complete. 
greater number the paired conjugants rule remain 
contracted, rotate their long axes and secrete temporary cyst 
which they remain for the greater part the entire period 
the completion conjugation (Fig. 

this connection may interest note that conju- 
gating individuals were found out doors under wild con- 
ditions. Although many the pools were found unfavorable 
conditions due evaporation. fact very few free-swimming 
forms were found any one time when collections were made. 
Most the individuals were encysted. But when placed under 
laboratory conditions, within few hours the greater number 
individuals escaped from the cysts, and became quite active. 
This was followed immediately regular epidemic conju- 
gation. Very few single individuals could found the 
cultures. Again within three five hours very few conjugating 
individuals were present. The exconjugants during their free- 
swimming period fed quite actively and reproduced binary 
fission. about five hours encystment again occurred. Thus 
beginning few active forms however, can found 
the cultures all times. 

maintained Calkins and others that encystment 
(especially where cellular reorganization occurs), and conjugation 
are both conducive renewed vitality. While Mast and 
others held that neither encystment nor conjugation have any 
appreciable effect producing new vigor. 

griseus however, have conjugation immediately 
following encystment even the conjugants may encyst during 
their nuclear exchange and reorganization. Here might 
conclude that the exconjugants would receive unusual renewed 
vigor and increase the fission rate. This however, not what 
find griseus. true that epidemic cell division 
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takes place the exconjugants. But isolate equal 
number the exconjugants that encysted during conjugation, 
and equal number those that failed conjugate immedi- 
ately find that the rate fission per given 
number about the same the two isolated lots. Hence may 
safe conclude that simultaneous encystment and conju- 
gation not produce renewed vigor least increase the 
fission rate griseus. 


Fic. 31. Prorodon griseus the early completion the permanent cyst with 
all the organs tact. 

Fic. 32. Later stage encystment with the disappearance the cilia and the 
breaking the pharynx. The micronucleus and the contractile vacuole(?) 
persist. The macronucleus its early stage metamorphosis, v., contractile 
vacuole. 

Fic. 33. The macronucleus its later stage metamorphosis. Several 
cytoplasmic vacuoles are present. 

Fic. 34. Final stages metamorphosis macronucleus cytoplasmic 
reorganization structures during encystment. The missing organs have re- 
formed. The new macronucleus direct metamorphosis the old. 


Encystment the ciliates according Calkins may serve 
threefold purpose. That for protection, reproduction and 
reorganization. griseus there are two types cysts which 
have designated thin temporary and thick permanent. 
The two types differ the thickness and the compactness their 
walls. The temporary cysts are quite flexible and yield the 
moving ciliate within. The temporary cyst serves two purposes: 
first for protection against sudden adverse conditions such 
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temperature, scarcity food and evaporation. The ciliate 
disturbed may remain the temporary cyst less than hour, 
and immediately after escape form new cyst. The organism 
during temporary encystment does not undergo any internal 
changes. maintains its spherical shape and continues 
rotate. The second purpose for reproduction transverse 
division. Likewise conjugation, except the early fusion the 
conjugants, may occur within the cyst. The third purpose for 
the reorganization the cell. The cyst this case the 
permanent type, its walls being thick and dense. The individual 
becomes quiescent, and loses its cilia and pharynx during internal 
reorganization (Figs. 31-33). this latter case the organism 
can not recovered from the cyst within period least four 
more days until its reorganization complete. 

The micro-nucleus and contractile vacuole persist throughout 
the reorganization without undergoing any appreciable change. 
The macro-nucleus however passes through distinct series 
changes indicated Figs. 34. Fig. represents the 
condition the beginning encystment when all the organs 
are present. The macro-nucleus horse-shoe shaped, but 
many individuals spherical. the first steps macro- 
nuclear metamorphosis the chromatin becomes ragged (Fig. 32), 
with clear border beneath the nuclear membrane. The central 
region the chromatin remains dark. Fig. shows third 
stage which the chromatin has taken more spherical shape 
with the ragged edges fraying out. Finally Fig. the macro- 
nuclear change complete, the more central portion the 
chromatin persisting the new nucleus. The organs which were 
lost have reformed. 

The macro-nuclear changes griseus are similar the 
conditions found Stolte, Blepharisma undulans and 
Brand, Vorticella microstoma and Stylonychia mytilus. The 
macro-nuclear activities during encystment are considered 
them cytoplasmic reorganization process since new nuclei 
are formed. According Stolte cytoplasmic depression, oc- 
casioned adverse external conditions leads encystment, and 
nuclear depression leads conjugation. Didinium nastutum 


however, reported Calkins and Stylonychia pustulata 
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reported Fermor, the macro-nucleus disintegrates and new 
micro-nucleus and new macro-nucleus are formed from the old 
micro-nucleus, thus undergoing complete nuclear reorganization 
comparable conjugation. 


GENERAL SUMMARY. 


Prorodon griseus Holotrichous ciliate. recognized 
its sub-terminal oral aperature, its rod like structure enclosing 
the pharynx, and its terminal contractile vacuole. 

griseus has single micronucleus and single macro- 
nucleus. 

Binary fission and conjugation occur either while encysted 
the free forms. 

Encystment serves for protection, reproduction and re- 
organization. 

Cysts are two kinds: temporary for protection during 
short intervals. permanent for reorganization cell and 
protection for long intervals, from one cycle the next. 

Conjugation terminal, fusion occurring their anterior 
ends. Conjugation occurs immediately after the animals escape 
from the cysts. 

The animals are found encysted during the greater part 
their life history. The greater number free forms are found 
immediately after conjugation, during the active feeding period. 

Encystment and conjugation griseus have little 
effect the production new vigor and the change fission 
rate. 

The old macronucleus persists during early conjugation, 
then disintegrates and disappears absorption within the 

10. The new micronucleus and macronucleus are formed from 
the daughter nuclei, produced single division the conju- 
gation nucleus. 

11. The reduction chromosomes occurs the second 
maturation division pairing the eight chromosome the 
formation the four bivalent structures. 

12. the third division the pronuclei first are connected 
drawn out fiber. 
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13. The pronuclei elongate slightly during their process 
fusion. 


14. cellular reorganization within the permanent cyst, the 
cilia and pharynx disappear. The micronucleus and contractile 


vacuole (?) persist. The macronucleus passes through distinct 
metamorphosis. 


15. Reorganization during permanent encystment griseus 
the cytoplasmic passive type. Nuclear reorganization 
formation new micronucleus and new macronucleus from 
the old micronucleus was not found occur. 


Mo., 
1925. 
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INTRODUCTION. 


Attention has been called many times the importance 
research the Flagellates because their relatively simple 
structure, their apparent position the bottom the scale 
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living organisms, their partaking many instances character- 
istics both plants and animals, their universal distribution and 
their contributions our knowledge general principles 
biological phenomena. Many workers have engaged such 
investigation and much progress has been made. 

The present investigation was undertaken the Euglenoidina 
because the primitive character the organisms composing the 
group, their wide distribution, their general use types 
fundamental courses biology and the fact that the literature 
does not show complete and critical account the cycle any 
one them with attention given all the organoids the cell 
during the successive stages the cycle. 

Solutions have been sought four main problems through the 
study of: 

(1) the origin and behavior the chromatic elements the cell; 

(2) the nature and behavior the endosome the nucleus; 

(3) the origin and behavior the locomotor apparatus during 
mitosis; 

(4) the location the division center. 
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MATERIAL AND METHODs. 


Several species Euglena from wild cultures have been col- 
lected and identified. Attempts have been made cultivate all 
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them order secure material for detailed study. has 
been found however, that wide variation exists the type 
culture medium required for the different species, and that when 
one says culture medium has been discovered for Euglena the 
statement means little unless the species indicated. 

small amount green scum known contain Euglena, found 
the surface culture pond water, leaves and grass, was 
placed large petri dish containing one liter tap water and 
one gram malted milk. abundance active were 
produced few days and identified Euglena agilis. From 
this original culture all the material for sub-cultures used 
the investigation were secured. 

The most satisfactory culture medium for this species has been 
found split pea infusion made boiling forty split peas 
one liter tap water. Sufficient citric acid added keep 
down extensive growth bacteria. For keeping cultures 
inactive condition, quince seed jelly recommended Turner 
(1917), has been used. This medium has also been satisfactory 
for the study the animals the living state under the micro- 
scope. Inoculation split pea infusion with material from the 
quince seed jelly produces abundant active forms within few 
days. 

Various killing fluids have been used, the best results being 
obtained with Schaudinn’s fluid heated degrees Centigrade. 
Other fluids used were Flemming’s strong, Bouin’s picro-formol 
‘solution, chrom-acetic-osmic mixture, Zenker’s fluid and osmic 
acid vapor. 

For staining, aqueous iron-alum hematoxylin, long method, 
has given the most satisfactory preparations. The use 
counter stain has aided the study the motor apparatus. 
Eosin and bordeaux red (.1 per cent. solution for hours before 
mordanting) have given the best results. All figures have been 
drawn from material counter-stained with eosin. 

Other stains used were Delafield’s safranin and 
light green, Flemming’s triple, Borrell’s stain, and iron alum 
counter stained with light green orange 

The organisms were killed different times during the day, the 
most satisfactory material being secured from eight twelve 
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P.M. During that period the divisions stages are the most 
numerous. Twenty cc. the material was taken thirty 
minute intervals, centrifuged, killed, and either stained masse 
taken from the centrifuge tube, placed cover glasses and 
stained according that method. The first method gives good 
results when the material abundant. killed ten 
P.M. gave the greatest number stages mitosis. After 
twelve P.M. most the divisions initiated around eight P.M. 
have been completed, and from twelve P.M. six A.M. very few 
dividing forms can found the culture. 

The animals culture appear active during the day but 
usually about five P.M. they become less active, some assuming 
spherical shape then extending the body again and again 
undergoing intense metabolic activity. This difference the 
cyclical phases Euglena agilis observed different times 
the day, and especially the nocturnal incidence dividing forms 
may explained perhaps the difference the carbon dioxide 
content the medium different times. evening and during 
the night the photosynthetic processes which have gone during 
the day are retarded and cease. The normal activity the 
animals would then increase the relative amount carbon 
dioxide present and perhaps influence the changes which are 
observed. Sufficient data have not yet been obtained prove 
the validity such assumption. 


GENERAL MORPHOLOGY. 


The description Euglena agilis given Carter and quoted 
from Kent follows: 

somewhat flask-shaped, inflated and widest posteriorly, 
attenuate anteriorly; short, blunt caudal prolongation some- 
times present, but not essential; multiplying the active 
condition longitudinal and transverse fission, and its passive 
encysted one crucial linear segmentation; color green, 
movements very active. Length 1/600 

The species used the present study conforms this de- 
scription except for the fact that does not divide transverse 
fission. addition there are certain characters observed which 
seem diagnostic: 
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(1) three seven oblong, flattened chromatophores present, 
each with uncovered pyrenoid the center; 

(2) the periplast more rigid than many other forms studied 
that the body does not show typical euglenoid move- 
ment when the active condition; 

(3) flagellum about two thirds the body length; 

(4) paramylon bodies small and not very abundant. 


Gullet and Reservoir. 


This structure has been described and figured for many flagel- 
lates, including Astasia ocellata and Euglena viridis (Khawkine, 
1886); viridis (Wager, 1899); sanguinea (Haase, 1910); 
(Hamburger, 1911); levis (Belar, 1916); 
Peranema (Hartmann and Chagas, 1910); (Steuer, 
1904); Copromonas (Dobell, 1908); Menoidium (Hall, 1923). 

agilis somewhat funnel like depression located the 
anterior end and leads directly into the gullet which curves 
passes inward toward the side the animal which the stigma 
located. The reservoir seems direct connection with 
the gullet; asymmetrical shape, the largest portion being 
toward the inner side the body (Fig. 1). The vacuole system 
connection with the reservoir has not been made out 
agilis but some the larger species examined, polymorpha, 
caudata, sanguinea and spirogyra, series small 
pulsating vacuoles have been seen discharging their contents into 
the reservoir along its periphery. 

The function the gullet-reservoir system not definitely 
known. Khawkine (1886) suggested that was used for the 
admission liquid food, giving evidence the accumulation 
small granules paramylon near the gullet when the animals were 
fed potato starch the dark. Kent describes observations made 
Euglena viridis kept carmine suspension, where observed 
the passage fine particles the carmine into the body way 
the gullet. Wager (1899) considers excretory system. 
Rhodes and Kirby (Mss.) find that Hetronema, related form, 
lives diet Euglena proxima, which they have observed 
being taken through specially modified cytostome supported 
horseshoe-shaped lip and two deeply staining pharyngeal 
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rods. This structure separate and distinct from the gullet- 
reservoir system described Euglena. They conclude that 
the reservoir functions primarily the reception the discharge 
contractile vacuoles which are located its periphery. Our 
own observations indicate that all these functions may exer- 
cised the system Euglena. 


The Nucleus. 


The nucleus Euglena agilis lies the center mass the 
body, being located the region the center the posterior 
flask shaped enlargement. spherical oblong ovoid 
shape. Its chief characteristic the presence large, deeply 
staining, central body endosome, the 
Doflein and Tschenzoff. Immediately surrounding the endosome 
light hyaline area apparently devoid chromatin material. 
The presence this hyaline layer enables one observe more 
readily the budding off the motor complex, described below, 
from the endosome during the early stages mitosis. 

the resting nucleus, chromatin granules arranged apparently 
the nodes linin network, surround the hyaline area. 
During the early prophase division distinct chromosomes are 
formed the growth and aggregation these chromatin masses. 
When preparations stained iron-alum hematoxylin and counter 
stained with eosin, are destained considerably, the endosome 
retains the hematoxylin appear quite dark while the 
chromosomes appear red with the eosin. This seems indicate 
that there great deal linin the network which the 
chromatin masses are lodged. most instances the masses seem 
occur pairs giving the appearance dumb-bells. Wenrich 
describes somewhat the same appearance the chromatin 
Trichomonas. says that the anaphase each chromosome 
becomes constricted and passes into the resting nucleus 
paired structure. 

nuclear membrane can distinguished with difficulty with 
the stains used, yet the shape the nucleus and its apparent 
separation from the cytoplasm certainly indicates its presence 
well its persistence during mitosis. 

The endosome appears homogeneous, although vacuoles 
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light areas which appear vacuoles, varying number and 
distribution, can observed all times during the cycle. 
centriole has been observed within the mass. 


The Chromatophores. 


The presence chromatophores characteristic all but two 
species Euglena heretofore described. occur varying 
numbers the different species and are usually described being 
characteristic shape for each species. agilis they appear 
differently different stages the cycle. the resting stages 
they are rod shape, arranged parallel the long axis the body, 
and with distinct pyrenoid the center. During the stages 
preparatory division well during the reconstruction the 
daughter cells after division, they appear more rounded 
oblong, much larger and with the pyrenoid quite indistinct 
apparently absent. The number likewise variable, since they 
are apparently distributed the daughter animals some cases 
before the cell divides and other cases they divide before cell 
division and thus give larger count the body. These facts 
lead one believe that this feature the cell not 
satisfactory basis for the classification the group. few 
preliminary observations the effect varying H-ion concen- 
tration the culture medium indicates that the form, number 
and arrangement the chromatophores affected changes 
the culture medium. More work needs done this point. 


The Motor Apparatus. 


This consists single flagellum and related structures 
described below. extends through the gullet, usually lying 
the side nearest the stigma eye-spot, and ends one side 
the lower border the reservoir two distinct branches, each 
terminated granule. The two branches are unequal size 
and structure and perhaps also function. The branch nearest 
the side the gullet and reservoir larger than the other and has 
lens shaped enlargement the point where the gullet widens 
into the reservoir, apparently underneath the stigma. This 
arrangement similar that described Wager for viridis. 
The continuation this branch appears form the external 
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flagellum. The smaller branch passes from its anchoring granule 
through the reservoir point opposite above the lens-shaped 
enlargement the larger and there fuses with it. the early 
stages development after division the two branches appear 
entirely separate, though the larger grows more rapidly and 
extends from the cytostome before fusion with the 
some few cases observed there indication that the two 
branches may remain separate not only the outset but perma- 
nently. The granule the base the larger branch seems 
originate first from the kinetic center and therefore interpreted 
the blepharoplast. This divides and gives rise the granule 
the base the smaller branch which granule here designated 
the basal granule. 

During the late prophase and continuing for some time after 
division completed there may seen rhizoplast extending 
from the blepharoplast into the cytoplasm and ending the 
nuclear membrane heavily staining body which originates 
the early prophase from the endosome. older animals such 
connection cannot detected, indicating that direct connection 
with the nucleus not necessary for the proper functioning the 
motor apparatus. The early connection the various parts 
seems sufficient grounds however, designate the motor appa- 
ratus Euglena agilis neuro-motor system defined 
Kofoid and his students. Their definition involves integrated 
motor system connecting with the nucleus. (Kofoid and 
Christiansen, Kofoid, 1916; Swezy, 1916; Boeck, 1917; 
Kofoid and Swezy, 1919a, 1920, 1922; Hall, 1923.) true 
that only during the later division stages and for short time 
after binary fission there complete integration nucleus and 
motor apparatus, even the presence intra-nuclear 
rhizoplast (Fig. 13). The presence these rhizoplasts merely 
reminiscent the process development the parts the 
motor apparatus, will described later, since they are not 
permanent structures the cell. 


REPRODUCTION. 


The typical method reproduction described for Euglenide 
longitudinal fission, accompanied division the nucleus 


STUDIES THE LIFE-HISTORY EUGLENA. 329 


and varying behavior other organoids the cell. This 
division occurs the motile state some species, quiescent 
but not encysted condition others while some true cyst 
formed before the organism divides. the encysted condition 
the division may binary multiple. Some our observations 
indicate that some species may divide the free swimming 
condition under proper conditions but when the conditions arise 
which induce encystment, these conditions being either internal 
external both, the divisions may take place the cyst. 
The special problems encystment are now under investigation 
and will constitue the subject matter for later paper. this 
paper are concerned with the details the division process 
Euglena 
Nuclear Division. 

Three principal changes characterize the beginning nuclear 
division: 

(a) changes the endosome and the budding off the kinetic 
complex; 

(b) formation the chromosomes; 

(c) migration the nucleus anteriorly. 

(a) Changes the Endosome and the Budding off the Motor 
Complex.—The endosome seems become more vacuolated than 
typical vegetative stage, increases size, and the same 
time small knob bud appears one side (Fig. 2). The bud 
usually appears the side the endosome toward the anterior 
portion the animal but several instances has been observed 
first other positions becoming turned anteriorly during the 
migration the nucleus. The bud increases size, becomes 
spherical slightly elongated, deeply staining mass and passes 
through the hyaline area surrounding the endosome, thence 
through the chromatin the outer nucleus the nuclear 
membrane. most instances can seen definitely connected 
the endosome rhizoplast (Figs. 4). 

the nuclear membrane, the mass, now distinctly spherical 
body, divides and the daughter bodies separate and pass gradually 
opposite sides the nucleus (Figs. 5,6). Later the portion 
the nuclear membrane which lies between the bodies drawn 
into fairly definite line when viewed optical section (Fig. 8). 
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they separate the bodies again divide giving rise the 
blepharoplasts the two future cells. each blepharoplast 
new flagellum arises. When the nucleus has passed anteriorly 
until comes into contact with the lower border the reservoir, 
each blepharoplast divides, giving rises basal granule which 
serves the basis for the smaller branch the bifurcated 
flagellum (Fig. some cases the mass from the endosome 
does not follow this sequence, but both roots the flagellum 
begin grow out directly, the blepharoplast and basal granule 
forming later. This much described Hartman and 
Chagas for Spongomonas. 

Formation Chromosomes.—The chromatin which the 
resting nucleus observed the nodes linin network the 
form granules and masses various sizes, now collects 
number separate rods filaments, the chromosomes (Figs. 
5). The entire nucleus stains more heavily this time than 
the vegetative stages, and gives the appearance containing 
more chromatin. perhaps true that the chromatin masses 
increase bulk and undergo chemical transformation 
give the changed appearance. The dumb-bell shape observed 
the resting nucleus may still observed, the chromosomes 
become outlined. seen more less constricted first, 
later becoming almost uniform width. the chromosomes 
not form simultaneously, hence the areas where the separate 
chromatin masses are beginning fuse form the chromosomes 
show what might interpreted spireme structure. Free 
ends may distinguished however, that one led believe 
that continuous spireme not formed but rather each chromo- 
some retains certain degree continuity individuality which 
has persisted throughout the resting stages, the chromosome 
such reforming the prophase from the chromatin network. 

the filaments rods assume definite outlines they are seen 
more less looped. This appearance perhaps due the 
fact that the chromatin has increased bulk while the nuclear 
membrane has persisted and has not enlarged proportion. The 
looped shape might easily mistaken for paired arrangement 
separate units, especially the chromosomes come lie the 
equatorial region and the ends the loops become pressed close 
together (Fig. 7). 
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(c) Migration the the changes described 
above are taking place, the body the animal tends become 
alternately rounded and extended, during which movement the 
nucleus passes anteriorly until comes into contact with the 
lower border the reservoir. Here the nuclear membrane and 
the border the reservoir present thickened appearance and 
because the presence the kinetic elements opposite sides 
the nucleus might easily mistaken for paradesmose (Fig. 8). 
Such interpretation has been given Euglena agilis Hall 
(1923). study these stages has been made and 
case has definite line been detected other than would the 
natural consequence the coming together two surfaces such 
the nuclear membrane and the border the reservoir. 

the time the nucleus has reached the reservoir, the endosome 
has elongated, passing from spindle rod shape, then dumb- 
bell shape. the meantime the chromosomes collect more 
less haphazard fashion along the middle portion the endo- 
some. main they assume arrangement Fig. 
this condition each chromosome shows definite longitudinal 
split. 

(d) The chromosomes, many which show 
longitudinal split during the prophase, and most which are 
the form loops, now show distinct separation along the plane 
the longitudinal split. The separation the split halves 
produces complicated figure. Those which appear loops 
open out from the apex first, gradually assuming diamond 
double shape. Those not loops begin separate one end 
first and gradually form elongated single shape structures which 
extend the entire length the equatorial cylinder. the 
splitting proceeds the halves come lie more nearly parallel 
the elongating endosome and produce apparent equatorial 
cylinder (Fig. 10). This parallel arrangement the chromo- 
somes with their subsequent complete separation the midline 
might easily mistaken for transverse division. 

The endosome assumes single bend curve its middle 
region with its convex side toward the posterior part the body 
the animal. This perhaps caused the increase its 
length beyond the width the body the animal, the bend 
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being the means adjustment the width the body. the 
other hand the bend may the first indication the plane 
separation the daughter animals and brought about the 
metabolic changes this plane (Fig. 12). 

(e) The the anaphase the endosome con- 
tinues lengthen, accompanied the nuclear membrane and 
motor complex the outside. The ends the endosome 
increase size, perhaps the expense the mid-portion 
centrodesmose. This region becomes much attenuated and 
seen lose its staining capacity for hematoxylin and take the 
eosin its place. The nuclear membrane can followed 
distinctly between the groups daughter chromosomes and 
seems inclose plastin like spindle. Material counter stained 
with light green does not show definite fibers this spindle but 
indicates, rather, protoplasm that has been drawn out under the 
influence the division forces. 

The opposite ends the endosome are now seen quite 
unlike One end club shaped and rounded, the 
preceding stages, while the other elongated anteriorly and 
flattened the outer side. projection can detected pointing 
toward the granule the periphery the nucleus that side 
(Fig. many figures rhizoplast may traced from the 
granule this projection. This marks the path the budding 
off the original motor complex observed the early 
prophase. 

The daughter chromosomes formed the late metaphase 
early anaphase now pass toward opposite ends the nucleus and 
group themselves sort barrel shaped cylinder around the 
enlarged ends the endosome. The ends the endosome 
project beyond the cylinder chromosomes into clear hyaline 
area (Fig. 11). The number chromosomes seems equal 
both ends and can counted with reasonable accuracy. 
number counts from figures end view disclose approximately 
distinct chromatin rods. 

(f) The telophase begins after the endosome 
has elongated until the thin mid-portion the centrodesmose 
becomes constricted. The nuclear membrane likewise con- 
stricted and the daughter nuclei begin round up. Here some 
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interesting information can had regarding the development 
the motor kinetic complex. Each nucleus seen some- 
what pear shaped, its apex turned toward the border the new 
reservoir and usually contact with (Fig. the apex 
each nucleus there appears the deeply staining granule which 
has given rise the blepharoplast the new flagellum, 
described above. These granules have arisen division the 
bud which came from the endosome the early prophase. The 
rhizoplast which marks the path origin the bud from the 
endosome may seen persistent structure one the 
nuclei. From each granule can seen rhizoplast passing 
upward the lower border the reservoir and ending the 
blepharoplast. From the blepharoplast connecting rhizoplast 
seen passing the basal granule the smaller branch the 
flagellum. From both the blepharoplast and basal granule the 
new branches the flagellum may seen passing upward 
through the reservoir into the gullet. 

The endosomes the daughter nuclei become rounded; the 
chromosomes take somewhat spiral arrangement the 
peripheral region each nucleus; condensed nodes appear 
each chromosome, giving them beaded appearance. Each 
definite chromosome loses its distinct outlines and gradually 
becomes part the rapidly forming network chromatin 
characteristic the vegetative nucleus. 

During these reorganization stages the telophase, the 
chromosomes seem change their staining capacity. Each 
appears more diffuse and broader. This appearance may 
variously interpreted. the first place conceivable that the 
change due longitudinal splitting each chromosome, the 
halves remaining close together without separation before passing 
into the resting condition. This the interpretation which 
Tschenzoff gives for Euglena viridis. Another explanation that 
the metabolic changes the chromosomes during the reorgani- 
zation period, especially the relative change from gel sol, 
sufficient give the diffuse appearance. 


the Gullet and Reservoir. 


has been mentioned above, the nucleus migrates anteriorly 
during the early prophase and comes into contact with the lower 
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border the reservoir. The mass the kinetic complex has 
the meantime divided and the daughter halves have passed away 
from each other the upper margin the nuclear membrane. 
The lower border the reservoir seen broaden the 
separation the masses granules continues, much they 
were the centers the division process. 

small lobe seen form each side the widening 
reservoir contact with the nucleus (Fig. the nucleus 
elongates the lobes increase size and eventually become 
separated the anaphase (Fig. 10). This separation continues 
upward along the gullet until two structures are formed from the 
original one, remaining connected however, the peripheral 
opening the original gullet. the early telophase the external 
opening becomes oval shaped and gradually divides. 

indication has been observed the disappearance the old 
gullet-reservoir and the rebuilding new one Dobell de- 
scribes for Copromonas. Neither has one daughter animal been 
seen take over the old system while the other animal builds 
new one, described some authors. 


Division the Body. 


The first indication the longitudinal split the body seen 
the region the reservoir (Fig. 13). The split continues 
posteriorly along the median plane the body until the two 
daughter animals are completely separated. The flagella appear 
extended from the gullets early stage after separation 
begins, and their movement perhaps aids the eventual pulling 
apart the bodies. Observations living animals this stage 
shows continued twisting and writhing the anterior ends 
separation progresses, until the two bodies are connected 
small strand protoplasm. Then usually both animals take 
position straight line with their anterior ends pointing 
opposite directions, which position veritable tug war takes 
place until the bodies are completely separated. Immediately 
after separation the bodies round slightly, forming elongated 
oval shapes and remain more less quiescent for some minutes. 
this quiescent condition the final processes reorganization 
seem occur. 
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Observations the pairs daughter animals this quiescent 
period immediately after separation shows interesting changes 
the relationship between the nucleus and the kinetic complex. 
The deeply staining granule the apex the pear shaped 
nucleus becomes surrounded lightly staining halo, increases 
size, and begins show indications breaking away from the 
nuclear membrane the meantime the nucleus begins 
rotate slightly and passes backward toward the posterior region 
the body. When this posterior migration begins the rhizoplast 
connecting the granule with the blepharoplast, and one the 
pair daughter animals intranuclear rhizoplast well, can 
usually distinguished. the animals begin elongate after 
the quiescent period the granule becomes disconnected entirely 
from the nuclear membrane and passes with its surrounding halo 
into the cytoplasm. The rhizoplasts may seen for some time 
after the separation but they eventually disappear and the granule 
becomes entirely separated from the motor organs and the 
nucleus (Figs. 16, 17). 

The separated granule seems have definite position the 
cytoplasm, but found various places. remains 
definite structure until the later stages the next successive 
division when observed gradually fade out view. 
some cases has been observed late the quiescent period 
after binary fission, that two such bodies are then found one 
cell. These cases however, are exceptional. 


Behavior Chromatophores During 


When the division process first initiated the animal, the 
chromatophores are quite definitely delineated. pyrenoid lies 
the center each one and takes fairly intense stain with the 
hematoxylin. The body the chromatophore stains with the 
eosin rather than the hematoxylin. material counter-stained 
with Orange the pyrenoids become light orange yellow. 
stain the body the chromatophore becomes green while 
the pyrenoid blue. the division process goes the 
pyrenoids show definite changes contour and apparently 
composition. The chromatic substance becomes first aggregated 
around the periphery the form distinct masses, which later 
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become elongated and thread-like. the meantime the body 
the chromatophore loses its definite outline, becomes more 
rounded and apparently increases size. The individuality 
the pyrenoid becomes less distinct, until the later stages show the 
chromatophore more less homogeneous with slightly denser 
central region. This central region increases size, elongates, 
becomes constricted the center and forms two regions from 
which the pyrenoids seem form the reorganization period 
the cell. This division the chromatophores not synchronous 
with the division the nucleus and the cell, since many cases 
the number such bodies seen halved the division 
process, and division each occurs later. almost all instances 
however, the internal changes the pyrenoid accompany the 
changes mitosis. planned make detailed study the 
behavior the chromatophores and pyrenoids, with special 
reference their relation the mitochondria the cell, the 
subject later paper. 


Behavior the Flagellum and History the Kinetic Elements. 


the early prophase the external flagellum seems become 
more viscous and sticky adhere readily external objects 
the oral region the animal. Many stained specimens 
show the flagellum much shortened and thickened this stage, 
with abundance foreign particles adhering it. Frequently 
the end adheres the body near the cytostome and with the 
foreign particles attached obscures the opening into the gullet. 
This evidence dissolution progresses inward, eventually 
involving the two branches the reservoir, well the 
blepharoplast and basal granule the lower border. few 
instances remains the old flagellum have been observed the 
late metaphase (Fig. rule however, the flagellum seems 
have been absorbed sloughed off much earlier stage. 
Berliner has described somewhat similar degeneration 
Copromonas major. Other observers describe the disappearance 
the motor apparatus during division; Wallengren (1905); 
(1908); Hartman and Chagas (1910). other instances 
however, the flagella are said persist for one daughter cell and 
new ones are developed the other: Cutler (1919); Jameson 
(1914); Whitmore (1911); Awerinzew (1907). 
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Euglena agilis, the origin the motor apparatus can 
traced the budding off the kinetic complex from the endo- 
some during the early prophase. rule, the new flagella 
not begin grow until the nucleus has migrated anteriorly 
the lower border the reservoir, and the. blepharoplasts have 
been produced from the kinetic mass. few cases what 
appear the new flagella have been observed previous this 
time. The growth both branches each new flagellum 
progresses rapidly and the time the body begins separate 
into two daughter animals the main branch least, has pene- 
trated the exterior. 

has been impossible trace the origin the lens shaped 
thickening the main branch the flagellum. seems 
arise gradually from the blepharoplast while the latter remains 
connection with the kinetic mass the nuclear membrane. 
When first observed during the quiescent period after division, 
appears thick fiber extending toward the blepharoplast. 
Later seems condense about the region the stigma, 
increasing size the reorganization process completed. 

The significance this thickening has not been determined. 
appears have connection with the mitotic phenomena, 
but disappears and new one reconstructed with each division. 
Its association with the stigma suggests that functions some 
way sensitive area perhaps both heat and light. 
perhaps initiates the motor reflex Euglena described 
Mast, Jennings, Bancroft and others. Steuer describes similar 
thickening both the flagella approximately the 
same position with relation the stigma. This may represent 
mere duplication the structure found Euglena and serve 
the same function for the two flagella, the one directed anteriorly 
and the other posteriorly. 


DISCUSSION. 


The importance the flagellates objects study has long 
been recognized students the Protozoa. Biitschli (1878), 
Klebs (1883), Fisch (1883), and many other earlier workers did 
much stimulate such research. The Euglenoid nucleus has 
proved very favorable object for study nuclear phe- 
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nomena during mitosis and yet not until comparatively recent 
time were the nuclear phenomena here critically described and 
figured. Much controversy has arisen because superficial 
observation regards both the structure the resting nucleus 
and the process nuclear division. Tschenzoff (1916), presented 
one the most complete and critical studies Euglena viridis 
recorded and attempted interpret the nuclear phenomena. 
Belar likewise, gave good account the process Astasia, 
although his descriptions and figures seem somewhat 
incomplete. Other workers, Rhodes and Kirby (MSS.) 
Heteronema, Hall (1923) Menoidium have given more detailed 
accounts. Much further study must made before many the 
disputed points can settled. 


The Resting Nucleus. 


The nuclei flagellates present varied appearances. Prowazek 
(1903), attempted classify the various types and Dobell (1908) 
grouped these types under the following four classes, adding 
fifth class himself: 

(1) Simple nuclei, with evenly distributed network, 
and internal structures (karyosomes, division centers, 
etc.), Herpetomonas. 

(2) Vesicular nuclei, with direct division; wich central chro- 
matin mass surrounded clear zone, across which 
more less distinct network extends outward the 
nuclear membrane. Such nucleus may seen some 
species Bodo, and well represented Copromonas. 

Centronuclei containing (Keuten, 
1895) and separate chromatin masses. This type 
nucleus characteristic Euglena and its allies. (The 
centronucleus, defined Boveri, nucleus which 
contains cyto-center, either consolidated diffuse 
form. the case Euglena, etc., the cyto-center the 
nucleolo-centrosome, the consolidated type.) 

(4) Vesicular nuclei, with karyokinetic division, e.g., Polytoma, 
Chlamydomonas, etc. 

(5) Nuclei which the achromatic division center lies freely 
the cell, whilst the chromatin diffuse the form 
chromidia. 
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According this system classification, the nucleus 
Euglena agilis type three, yet the fact the apparent 
karyokinetic division would indicate modification the type. 

Various descriptions have been given the Euglenoid nucleus: 
Biitschli (1889), Steuer (1904), Haase (1910), Hamburger (1911), 
Tschenzoff (1916), Hall (1923), considered similar the nuclei 
other plant and animal cells far the chromatin material 
was concerned. Klebs (1883), Dangeard (1902), Dehorne 
following Dangeard (1920), record spireme structure the 
resting nucleus. quite probable that the latter descriptions 
are nuclei the early prophase stages division rather than 
the resting condition. 

Keuten (1895), described well formed chromosomes the 
resting nucleus Euglena viridis, but here again seems probable 
that prophase stages were observed. 

The description given Tschenzoff (1916), seems 
typical for many the Euglenoid nuclei, that Euglena agilis 
included. described central around which 
found substanz Form von feinsten Brockchen 
und Fadchen. tritt mehr brockliche Beschaffenheit 
des Chromatin, manchmals feinfadige Zutage. Manchmal die 
Chromatin konnen auf einer Netwerk aufgereiht sein, 
Ein geschlossenes Webenwerk konnte ich nicht festellen, wenn 
auch das Vorhandsein eines solches vermuten 

This description agrees with that Butschli for 
nuclei Euglenoidina general and with the descriptions 
many other might well added that several 
species Euglena examined the endosome fragmented, the 
fragments often being indistinguishable from the granules 
chromatin when stained with hematoxylin. 

the whole, there seems single distinct type 
nucleus characteristic the must face the fact 
therefore, that much more detailed work needs done the 
group before accurate classification the nuclei can made. 


The Endosome. 


This structure has led much discussion among various 
observers both structure and function. was first defined 
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Minchin being the chromatin mass near the center 
nucleus, the precise nature which not being 
determined the definition. There may may not occur 
such nucleus other granules chromatin. they occur 
they are always smaller than the central mass endosome. 
Some observers describe the structure body homogeneous 
character comparable the nucleoli other plant and animal 
Others say consists matrix plastin impregnated 
with chromatin, arranged more less granules, and plays 
part the formation chromosomes (Berliner, 1909; Haase, 
1910; Schiissler, 1917; Hartmann, 1919, 1921). Still others, 
Keuten (1895) compare with the centrosome and central spindle 
Schaudinn (1896) thought had demonstrated this the 
nature the endosome Oxyrrhis when placing the animal 
dilute sea-water the endosome migrated from the nucleus and 
functioned extranuclear centrosome. Hall (1924), after 
critical study Oxyrrhis, thinks Schaudinn’s supposed endosome 
was small food mass. Steuer (1904) describes 
centrosoma”’ the center the nucleus Eutreptia. the 
work Tschenzoff and the general work Doflein the body 
spoken the which term quite non- 
committal both structure and function. 

The question the presence centriole the endosome has 
also been the subject much discussion. Schiissler (1917) 
believes that both nuclear components are located the endo- 
some and that from this type starting point all 
degrees differentiation the kinetic and generative com- 
ponents may Belar (1916) figures definite centrioles 
the endosome tracing them through their entire cycle. 
Rhynchomonas, describes centriole which passes from the 
karyosome the nuclear membrane where divides. the 
same paper (1916) concludes that basal body Flagel- 
lates doubtless centriole.” 

good summary the relation between the kinetic and 
generative components the nucleus, bearing upon the problem 
the endosome, found the work Hartmann (1918) 
and Jollos (1917): 
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wir haben eingehend gesehen, wie dem Telophasen 
bei Chlorogonium elongatum aus dem gesamten 
Kernmaterial, den Chromosomen (der generative Komponente) 
wie Centriole (der Teilungskomponente) 
also ein echtes Caryosome gebildet wird. 
Erst trat das Chromosomenmaterial (sowie offenbar das 
Centriol) den aussenkern iiber und bleib nur ein einfacher 
oder Nucleolus zuriick, der nun weder die gener- 
ative noch die Teilungskomponente Page 28, Hartmann. 

“Der Binnenkérper kann vielmehr, nachdem bei den 
verschiedenen Protisten oder verschiedenen Entwicklung- 
stadien ein und derselben Form, entweder beide Komponenten 
enthalten, oder die eine oder die andere, oder schliesslich iiber- 
haupt keine. Das Wesenlichte unserer Anschauung, mit den alle 
neuren Tatschen iibereinstimmen, ist ‘die Lehre, das bei der 
Teilung allen Protisten, der einfachsten wie der hochstenwickelten 
zwei Komponenten hervortreten, die lokomotorische und die 
idiogenerative, und dass die mannigfaltige Konstitution der 
Protistenkerne durch die wechselnde Anordnung und Ausbildung 
dieser beiden Komponenten bedingt wird.’ Jollos, 1917.” 
Hartmann, page 28. 

Euglena agilis certain phases this intranuclear body seem 
shed some light the endosome problem. One the first 
evidences approaching mitosis the budding off from the 
endosome deeply staining granule unmistakable character 
(Figs. 2,3). This granule passes the nuclear membrane where 
divides, the division products taking their place opposite 
sides the nucleus, although not the exact poles. Throughout 
the division process rhizoplast may seen connecting the 
original granule with the endosome. From each the daughter 
granules are budded off the blepharoplast and basal body for the 
motor apparatus. The entire system remains integrated 
distinct unit until the division completed and the animal goes 
into the quiescent period. 

The portion the endosome remaining the nucleus, 
lengthens out during division, becoming first rod-shape, then 
spindle-shape and finally dumb-bell shape, but through all the 
changes shape the opposite ends are seen different. One 


342 WOOLFORD BAKER. 


rounded knob-like while the other blunt and possesses 
elongation the anterior side, from which the intra-nuclear 
rhizoplast may traced the kinetic complex. division 
progresses and the centrodesmose elongates, the opposite ends 
the endosome seem drawn upward toward the two kinetic 
centers, rather the two masses from which the motor elements 
have been developed. The mass the endosome appears 
passive frame work support serving central spindle for the 
division process, and not kinetic center for the division. 

Whitmore (1911) describes Prowazekia asiatica process 
quite similar that observed Euglena agilis. According 
him body pinched off from the karyosome which has loosened 
during the early stages division. From this body arise the 
centrioles while the remainder the karyosome together with the 
outer chromatin the nucleus forms the spindle. concludes 
that the body pinched off the locomotor-generative component, 
the karyosome residue constituting the idio-chromatin. 

diphasic amebe which combine and flagellated 
phases one life cycle, e.g., gruberi (Wilson, 1915), 
granule the endosome gives rise the blepharoplast 
division. One daughter-granule destined become the ble- 
pharoplast, migrates the nuclear membrane, remaining con- 
nected with the granule the endosome intra-nuclear 
rhizoplast. The flagellum grows out from the blepharoplast, 
hence the motor apparatus these forms arises directly 
indirectly outgrowth from the endosome. The process 
Euglena agilis not quite simple this since the mass budded 
from the endosome contains blepharoplasts, basal bodies, and 
chromatoid residue, which remains close connection with the 
motor apparatus until the daughter animals become fully re- 
organized after division. 

McCulloch (1917) describes the origin chromatoid mass 
from the endosome Crithidia euryophthalmi. This mass later 
seen connected with the blepharoplast and the endosome 
means rhizoplasts. She identifies the structure the para- 
basal body. somewhat similar body figured Cryptobia 
Swezy, who likewise speaks the parabasal body. The 
resemblance between these figures and certain stages the cycle 
Euglena agilis readily seen (Text-figure A). 
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TEXT-FIGURE Diagrams showing the origin and development the motor 
apparatus Euglena agilis. vegetative stage; stages the prophase; 
metaphase; F-H, anaphase; telophase; cells quiescent period; 
daughter animal reorganized. Blepharoplast; basal body; end., endo- 
some; ch. m., chromatoid mass left residue after formation kinetic elements; 


nucleus; granule which arises from the endosome, divides and gives rise 
the kinetic elements; rhizoplast. 
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The so-called trypanosomes appears 
approximately the same relation the rest the cell does the 
deeply staining chromatoid mass the kinetic complex Euglena 
When one remembers the importance given the 
and the emphasis placed upon homologous 
structures other forms, the development the group 
Binucleata, the interest attached the comparable body 
Euglena agilis increased. generally agreed Proto- 
the neither nucleus nor active 
kinetic center and the name should therefore replaced one 
greater significance. Among the terms suggested parabasal 
first used Janicki but redefined and used more ex- 
tensively Kofoid. 

Examination the descriptions given parabasal bodies and 
their behavior Janicki and others, shows striking similarity 
that the chromatoid mass the kinetic complex agilis. 
The parabasal body closely connected with the kinetic elements 
the cell, and according Kofoid serves reservoir 
substances which are used the organism its kinetic activities. 
During mitosis the body behaves variously different species. 
Devescovina striata, for example, divides and the two daughter 
parabasals are shown constant relationship the poles the 
rod-like, division spindle, where centrioles can 
often determined. other cases, e.g., Lophomonas blatiarum, 
the parabasal body degenerates with approaching mitosis and 
new one formed for each the daughter animals produced. 
Euglena agilis, the granule which migrates from the endosome, 
divides, the daughter halves separate and occupy positions the 
approximate poles the division figure. From each granule 
freed blepharoplast-basal body complex which becomes the base 
the bifurcated flagellum. chromatoid residue remains 
the nuclear membrane, connected rhizoplast the ble- 
pharoplast and one animal the endosome. The residue 
retains this intimate connection with the motor apparatus until 
the animals are completely reorganized, which time breaks 
away from the nuclear membrane, the rhizoplasts disappear and 
passes into the cytoplasm. the next mitosis approaches, 
begins degenerate rule, and finally disappears entirely. 
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Such type organization and behavior related and kinetic 
elements what one might expect primitive organism 
Euglena. have many valid reasons for believing that within 
this group are found the progenitors the other groups 
Protozoa. evolution progressed toward the rhizopod type, 
exflagellation might easily conceived process inhibition 
the development the kinetic complex from the endosome 
the nucleus. When conditions the cycle ameeba, 
Nagleria gruberi, are appropriate, flagellation stimulated and 
see the complex arising from the endosome Euglena. 

those flagellates which have more diverse series life 
habits and hence greater complexity structure, such 
Trypanosomes, Devescovina, Crithidia, Lophomonas, Calonympha, 
etc., find type organization easily derived from some stage 
shown the development these parasitic 
flagellates which show the presence permanent parabasal body 
connection with the motor apparatus, can easily conceive 
that the chromatoid residue which remains connection with the 
motor apparatus Euglena agilis, only during the late division 
stages and the reorganization period, becomes permanent 
organelle the cell. Such change might brought about 
through the greater demands made upon the motor apparatus 
when the organisms become adapted dense medium. 
agilis the residue serves temporary reserve only, for the 
kinetic elements the cell and becomes disconnected from them 
soon the new flagellum begins function actively. 
permanent reservoir substances used the organisms 
its kinetic activities required the parasitic flagellates. 
This need met the parabasal body. 

may draw the following conclusions from the preceding 
discussion 

(1) The endosome Euglena agilis the ultimate source all 
the kinetic elements the cell, but does not contribute the 
formation the chromosomes. 

(2) endobasal body located the endosome and gives 
rise division chromatoid mass, the kinetic complex. This 
migrates the periphery the nucleus where divides, the 
daughter halves passing the approximate poles the division 
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Diagrams showing the suggested homology between the 
kinetic elements Euglena agilis and other flagellates. Cryptobia sp.; 
Herpetomonas musca-domesticae; Trypanosoma cruzi; Euglena agilis. 
Blepharoplast; (r) rhizoplast; parabasal body; endosome; nucleus; 


(par. ho.) parabasal homologue. and from Calkins after Swezy;) from 
Calkins after McCulloch.) 
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figure. this position the bodies seem homologous the 
centro-blepharoplasts Trichomonas and other forms de- 
scribed Kofoid. 

(3) The chromatoid residue left the nuclear membrane after 
the blepharoplast-basal body complex freed, described above, 
homologous the parabasal body many parasitic flagellates 
well the so-called “‘kinetonucleus” Trypanosomes. 
This homology indicated the position the residue with 
relation the poles the division figure and its connections with 
the endosome and blepharoplast. 

Examination Text-Fig. indicates the homologies suggested. 


Many cases were described the earlier 
observers division stages the Protozoa. More refined 
methods technique have enabled later workers determine, 
however, that amitosis rare occurrence this group 
Metazoa. Nagler (1909) designated what had been previously 
called and many other Protozoa, 
order differentiate this type from mitosis 
found Metazoa and Metaphyta. says: die soge- 
nannte Amitose der Protozoen fiihrt man daher besten eine 
neue Bezeichnung ein und definiert sie als eine Kernteilung, die 
weder ausgesprochene Mitose, noch Amitose ist und sich char- 
akterisiert durch die Teilung eines Nucleolocentrosoms, des Cary- 
osoms. Ich schlage deshalb fiir diese Teilungsform den Namen 
Promitose vor.” 

Chatton (1910) distinguished three types mitosis, charac- 
terized follows: 


(1) Promitosis—Division center within the karyosome, nuclear 
membrane persistent, chromosomes formed 
peripheral chromatin. 

(2) Mesomitosis—Division center outside the karyosome, nuclear 
membrane persistent, chromosomes from the karyosome. 

(3) Metamitosis—Division center outside the nucleus, nuclear 
membrane disappears, chromosomes from the nuclear 
chromatin. 
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This system based study Ameba and hence could 
scarcely expected apply other forms equally well. 
Euglena agilis seems first sight fit into type one promi- 
tosis, and yet the division center cannot definitely located 
within the endosome. 

Alexeieff (1913) elaborates system classification which goes 
into great detail, but which even so, does not cover all cases. 
According his system, Euglena agilis seems show haplo- 
mitosis, since centriole can positively identified and yet 
distinct polar masses are formed. 

formation chromosomes Euglena agilis 
does not occur was described Tschenzoff for viridis. 
the resting stage the chromatin arranged masses, frequently 
dumb-bell shaped, along achromatic network. the early 
prophase these separate masses appear enlarge and increase 
staining capacity, the same time fusing along the linin threads 
the network form chromosomes. Tschenzoff describes the 
formation number granules around the periphery the 
nucleus which eventually become arranged rows files. 
These become the chromosomes. easy matter make 
out granules around the periphery the nucleus agilis 
this stage, but upon close examination they prove optical 
cross sections chromosomes. Also, the granules the motor 
complex may found similar position, staining with the 
same intensity does the endosome. 

have not been able make out the beaded structure the 
chromosomes, such have been figured some investigators. 
true that each chromosome appears consist two masses 
its earlier stages formation and later these masses seem 
run together form the smooth chromosome. difficult 
interpret this apparent double structure the 
possible that represents doubling splitting some 
previous stage the cycle. Wenrich describes such ap- 
pearance chromosomes Trichomonas and traces back 
constriction the previous anaphase. does not connect this 
constriction with the split chromosomes the prophase however, 
nor does attach any particular importance the phenomenon. 

Kofoid describes pseudo-reduction chromosomes 
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Trichonympha, brought about pairing single chromosomes 
the prophase. suggests the possibility pregametic 
doubling chromosomes Protozoa such occurs the 
Metazoa, but does not consider this the most plausible 
explanation the observed facts. 

Stevens describes the association chromosomes pairs 
during the vegetative stages Boveria subcylindrica. The 
significance this apparent reduction vegetative mitosis 
problematical and the subject requires much more work before 
correct interpretation and correlation can made. Uroleptus 
Calkins finds eight chromosomes which unite four pairs 
during the first maturation division, the pairs splitting the 
second maturation division that the daughter nuclei have four 
single chromosomes. concludes that this undoubted 
synapsis and reduction. 

Tschenzoff describes telophasic split Euglena viridis, which 
doubles the number chromosomes entering the resting vege- 
tative stage. Such precocious split has not been observed 
Euglena agilis, although the double appearance the chromatin 
masses may indicative such process. the other hand, 
definite longitudinal split has been observed the prophase. 

not known what changes take place the nucleus during 
the encystment Euglena, but entirely possible that some 
phenomena will found here throw light the apparently 
paired arrangement the chromatin masses. 

describes the metaphase, sepa- 
ration daughter chromosomes formed splitting the 
telophase the preceding generation. states that the 
elements may seen paired the spindle this stage and then 
separating without further split. Structures may observed 
Euglena agilis which might easily interpreted this manner 
but which show critical examination entirely different 
situation. The network chromatin the resting nucleus 
becomes enlarged the nodes the points where the chro- 
matin masses are fusing form chromosomes. This increase 
bulk chromatin does not seem compensated for 
corresponding increase size the nucleus. Since the nuclear 
membrane remains intact during the entire process division the 


— 
q 
q 
q 
i 
4 
: 


350 WOOLFORD BAKER. 


chromosomes, soon formed, become quite tortuous the 
limited space. The enlarging endosome with the budding off 
the kinetic complex tends force the chromosomes toward the 
periphery the nucleus thus forming many twists and loops. 
When these chromosomes come lie radially around the 
elongated endosome, preceding the longitudinal splitting, they 
appear loops whose arms are rather closely pressed together. 
Thus one focus one can distinguish number pairs 
distinct chromosomes, but the focus changed the ends may 
found connected into the loop. The longitudinal split 
begins the end next the endosome and proceeds toward the 
periphery. Thus, apex inward, frequently the case, 
double V-shaped figure produced the split halves separate. 
shape figure shape produced the free ends are 
turned inward. either case, the pulling apart the split 
halves forms the equatorial plate figure, might better 
expressed, the 

the equatorial cylinder stage the ends the 
split chromosomes pull apart and appearance transverse 
splitting chromosomes the result. This perhaps accounts 
for some the earlier descriptions and widely quoted figures 
which show transvers splitting chromosomes Euglena. 

the late anaphase, the chromosomes begin show evidence 
return the typical vegetative condition. Dehorne (1920) 
describes them going back into the continuous spireme stage 
the resting nucleus. true that the exact identity the 
chromosomes tends lost they begin condense into the 
granular condition, but little evidence found that continuous 
spireme constructed. 

search was made for precocious splitting 
this stage order determine whether the description 
given Tschenzoff for Euglena viridis held also for Euglena 
agilis. Aside from the apparently diffuse nature the chromo- 
somes and their change intensity staining reaction, 
definite evidence split was observed. 


The Residual Mass from the Kinetic Complex. 


Blochmann (1894) found Euglena body the 
cytoplasm, often lying near the nucleus but sometimes far from it. 
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first regarded centrosome but because its appearance 
different parts the cell, and because appeared persist 
after division was completed, did not commit himself this 
interpretation. 

Keuten (1895) likewise found bodies lying near the nucleus 
during the division Euglena viridis, which persisted after 
division and could found surrounded halo various 
parts the cell the vegetative condition. did not think 
these were centrosomes nor any way related the division 
phenomena. 

Haase (1910), Euglena sanguinea, traces the flagellum 
from the lower border the reservoir into the cytoplasm where 
she finds and figures both branches ending basal body 
(diplosome?). 

Tschenzoff (1916) describes granules the cytoplasm 
Euglena viridis but explains them artifacts resulting from his 
methods killing. 

One led believe from the above descriptions that the 
granule observed the different species mentioned the same 
that traced through its entire development Euglena agilis. 
has been seen arise from the endosome, pass the periphery 
the nucleus, divide into two equal daughter granules which pass 
opposite the nucleus. this position the granules seem 
homologous the centro-blepharoplasts described 
Kofoid. the early prophase stages each granule produces 
blepharoplast which passes the border the reservoir and later 
gives rise the main branch the flagellum. The chromatoid 
residue left the nuclear membrane increases size during the 
telophase, and during the quiescent period when the nucleus 
migrates posteriorly its original position the cell, breaks away 
from the nuclear membrane, becomes surrounded clear 
hyaline vesicle and becomes cytoplasmic During the 
vegetative stages change can observed this granule, but 
the stages the next successive mitosis proceed seen 
lose its staining capacity and rule disappears before the late 
anaphase. some cases has been seen persist 
the division and distributed one the daughter animals. 
this case single cell would seen contain two such 
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granules during the early stages after division. This would 
account for the fact that Blochmann records three instances where 
found two granules the body animal. one case 
records three being present. 

The question arises the significance this bit nuclear 
material sent into the cytoplasm each division period. 
seems clearly demonstrated that acts the vehicle for the 
transfer the kinetic elements from the endosome the cyto- 
plasm. After the kinetic elements are freed remains close 
connection with both the endosome and the blepharoplast for 
sometime after division, fact until the daughter cells are fully 
reorganized. this position may conclude that homolo- 
gous, both structure and function, the parabasal body 
parasitic flagellates. seems serve reserve kinetic 
energy until the newly developed motor apparatus fully formed 
and functioning normally. With this function completed, does 
play any further the physiology the cell? Only 
conjecture can made present. seems reasonable 
suppose however, that there sufficient chromatin material 
the mass bring about some sort reorganization the 
cytoplasm the body after each division. Thus the protoplasm 
might kept proper state physiological differentiation 
make process conjugation, autogamy endomixis 
unnecessary. The disappearance the mass the early stages 
each division suggestive that Euglena find mechanism 
which functions sort regulator the division cycle. 
possible that changes this mass chromatin, this kinetic 
reserve, may the stimulus which incites the division the cell 
with such striking regularity. Although does not function 
division center, yet sets series concatenated events which 
result the final production two fully vigorous individuals 
from the single parent cell. 


SUMMARY AND CONCLUSIONS. 


Mitosis Euglena agilis accomplished manner quite 
similar that described for higher plants and animals. Definite 
chromosomes are formed, divide longitudinally and are dis- 
tributed equally the daughter cells. The chromosomes are 
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formed from the chromatin the outer nucleus and not from the 
endosome. 

Division the nucleus preceded its migration anteri- 
orly the body until comes into close contact with the lower 
border the reservoir. 

Achromatoid mass, the kinetic complex, originates from the 
endosome during the prophase, migrates the periphery the 
nucleus where divides. The division products pass opposite 
sides the anterior border the nucleus, which position they 
suggest homology with the centroblepharoplasts Trichomonas. 
paradesmose has been detected between them however. 

From the kinetic complex blepharoplast freed and 
produces the main branch new flagellum. Later, basal body 
arises from each blepharoplast, and from produced the 
secondary branch anchoring root flagellum. 

The residue from the kinetic complex, after the formation 
the blepharoplast, remains the nuclear membrane until 
division the animal completed and the daughter cells have 
reorganized. rhizoplast passes from the blepharoplast and 
one the daughter animals intra-nuclear rhizoplast seen 
making connection with the endosome. After reorganization 
the daughter animals completed, the residual mass cast out 
into the cytoplasm where remains during the vegetative stages 
the organism deeply staining granule surrounded 
lightly staining halo. usually disappears during the early 
phases the next successive mitosis. Its behavior and relation- 
ship the motor apparatus suggests homology with the 
parabasal body parasitic flagellates. 

The division process function the cell whole, being 
initiated not the division specific body that might 
called centrosome, but rather simultaneous changes all 
parts the cell. The centroblepharoplast homologue, together 
with endobasal body the endosome seem constitute the 
principal dynamic centers. The mass the endosome seems 
constitute sort passive framework spindle for the division 
process. 

The entire motor apparatus the parent animal, consisting 
flagellum, basal body and blepharoplast disappears during 
division and new one built each daughter animal. 
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The mitotic and related phenomena Euglena agilis give 
additional evidence the primitive character the Phyto- 
mastigoda. The development the motor organoids indicate 
relationship with diphasic the one hand and with the 
complex parasitic flagellates the other. 

Changes the chromatophores during the division and 
vegetative periods, well their changes when the are 

different cultural conditions indicate that these 
structures are not satisfactory criteria upon which base the 
classification the group. 
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EXPLANATION FIGURES. 


All sketches were made with camera lucida with Leitz compens ocular (20) and 
Leitz apo. obj. have been reduced one half. 

Fic. agilis vegetative condition showing nucleus, endosome, 
chromatophores with pyrenoids, blepharoplast, basal body, flagellar enlargement, 
reservoir, gullet cytopharynx, and kinetic residue. The stigma eyespot does 
not show with the stains used. The chromatin arranged net work. 

Fic. prophase drawn optical section showing first stages for- 
mation chromosomes and early budding the kinetic complex from the 

Fic. The chromosomes appear elongated rods loops and give the 
appearance spireme. The bud from the endosome definitely connected 
rhizoplast. 

Fic. The granule budded from the endosome has divided, the daughter 
halves passing along the periphery the nucleus. One connected rhizoplast 
the endosome. 


Fic. Another view the daughter granules separating the nuclear 
membrane. The animal beginning round and the nucleus approaching 
lower border the reservoir. 


Fic. The endosome has elongated, each daughter half the kinetic complex 
has given rise blepharoplast and this turn basal body. From both the 
blepharoplast and basal body flagellar element has grown out. The remainder 
the old flagellum seen the right side the figure. The pyrenoids the 
chromatophous are undergoing change organization. The chromosomes are 
arranged around the elongated endosome. 

Fic. optical section late prophase metaphase with chromosomes 
arranged somewhat radially around the endosome. Each chromosome shows 
longitudinal split and the looped nature each gives the appearance pairing. 

Fics, Stages the anaphase, showing separation the daughter 
chromosomes and the formation equatorial cylinder. The rhizoplast con- 
necting the blepharoplast the residue the kinetic complex visible figure 
eight. 
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II. 


Fics. 11-12. Late anaphases showing chromosomes grouped around ends 
elongated endosome. Fig. the integrated kinetic elements show both 
sides the nucleus while they are visible one side only Fig. 12. The com- 
ponents the other side are much lower level. 

Fics. 13-14. Telophase stages showing enlargement residue from kinetic 
complex and beginning formation halo around it. 

Fic. 15. Division completed and the daughter organisms quiescent period. 
The nucleus receding from the reservoir. 

Fic. 16. The chromosomes have begun back into vegetative condition. 
The kinetic residue cast into cytoplasm. 

Fic. 17. Further stage reorganizatiun. 

Fic. 18. Organism reorganized. 
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HYDROGEN ION CONCENTRATION THE BLOOD 
CERTAIN INSECTS 


JOSEPH HALL BODINE, 


Zo6LOGY LABORATORY, UNIVERSITY OF PENNSYLVANIA. 


Inasmuch most accurate quantitative results the hy- 
drogen ion concentration blood and body fluids have been 
largely confined higher animals seems highly desirable 
extend these observations lower forms, and especially insects. 
Since only small amounts fluids are usually available from 
single insects, accurate micro-electrometric method neces- 
sary for the successful carrying out such investigations. 
simple micro hydrogen electrode and vessel, particularly designed 
for this purpose, have been described the author (Bodine and 
Fink, present paper contains data obtained the use 
this method for the blood different species grasshoppers. 

With the exception two papers (Bishop, Brecher, 3), all 
previous work insect blood seems have been carried out 
means colorimetric methods (Jameson and Atkins, Crozier, 
Bodine, Glaser, 7). Since the blood most insects 
colored seems highly desirable that other methods than micro- 
colorimetric ones used and especially since the indicator most 
used these methods brom-thymol-blue. The blue-green 
yellow-green color insect blood seems introduce unde- 
sirable factor micro-colorimetric methods using this indicator. 
Results obtained the use colorimetric methods different 
authors are somewhat variable and therefore seemed highly 
desirable check them means electrometric method. 

the present investigation different species grasshoppers, 
reared under controlled food, temperature and other laboratory 
conditions, have been used well other animals taken from 
their normal out-of-door environments. Individual studies have 
been made the blood certain species from the day hatching 
until death other words during their entire life cycle. 
Blood was taken from the grasshoppers variety ways,—by 
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cutting off the tip the feet, puncturing the animal means 
needles, insertion electrode vessel directly into the body cavity, 
etc. marked differences the blood obtained these 
different methods was noted. The method found most satis- 


TABLE 
Chortophaga 

Age, Color, Sex. Blood. 


Explanation Table 


Data taken random from many individuals showing blood Chorto- 
phaga viridifasciata. Animals all taken from out-of-doors. Some bloods tested 
once. Other animals kept laboratory and fed lettuce over different periods. 
Samples blood tested regularly. Average given for all individuals tested. 


factory and least harmful the grasshopper, however, was 
small needle puncture into the mid-lateral abdominal wall. Only 
very small amount blood thus lost the insect and the 
wound quickly sealed. Sufficient blood (approximately 0.01 
cc.), however, obtained this way for electrometric determi- 
nations values. The grasshopper was usually punctured 
and the blood immediately drawn into the electrode vessel 
with practically exposure Asa matter fact, identical 
results were obtained with blood taken from the interior the 
animal the insertion the electrode vessel directly into the 
animal the method puncturing and then immediately 
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animals laboratory raised and fed lettuce. 
viduals tested. 
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TABLE 
Melanoplus femur rubrum. 

Age, Sex. Blood. 


Explanation Table 
Data selected showing range for blood different individuals. 


All 


Average and range for all indi- 


TABLE 
Melanoplus 

Age. Blood. 


Explanation Table 
Data selected from several hundred individuals showing range values. 
and 


Adult values are similar those for nymphs. Animals reared laboratory 
fed lettuce. Average and range for all individuals tested. 
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drawing the blood into the vessel. Individual adult grass- 
hoppers can punctured least two three times daily 
without any apparent injury. 

TABLE 


Romalea 


Average 

Date. Stage. Blood. 

6.82 
Adults 6.53 


Explanation Table 


Detailed average values for grasshoppers from day hatching until death. 
Data for each day represents average readings for from individuals. All 
animals laboratory raised and fed lettuce. Average and range given for all 
individuals tested. 


All laboratory animals were hatched from eggs laid the 
laboratory and were fed lettuce. Animals were also collected 


The author indebted Dr. Fry for his generosity supplying some the 
eggs used these experiments. These eggs were from cross between Romalea 
microptera and Romalea variety macri. differences the 
blood from this cross and the microplera were noted. 
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from the outside and comparisons made with those reared entirely 
under laboratory conditions. 


Temperature during the course the experiments ranged from 
24°C. 
TABLE 


Temp. 24.° C.—June 15, 1926. 


Samples—E.M.F. Average pH. 

.57580 
.57560 

(b) .65555 

(b) .58088 
(c) .58006 

(b) .64553 

.57953 

(b) .65273 

.57963 
(c) 

(b) .65163 

.57742 


Explanation Table 


Part daily record for June 15, 1926, show method procedure making 
determinations blood values. Note that standard buffer solution 
always read before and after every reading blood check electrode. 


The results the determinations are summarized Tables 
variation exists the hydrogen ion concentration the blood 
the same and different species. marked species, sex age 
differences have been detected. The variations shown can 
hardly due primarily differences food conditions since the 
laboratory animals were all fed the same food, lettuce, and the 
out-of-door animals had varied diets depending the locality 
from which they were taken. The data the tables are summa- 
rized and not show individual variations which are degree 
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closely similar those indicated for groups. Readings for the 
same individual, however, are quite constant for any one day. 
explanation for these consistent variations not hand. 

some interest compare the present results with those 
obtained with colorimetric methods Glaser (7), for grass- 
hoppers (Melanoplus differentialis). This author found the range 
values for the blood these grasshoppers 7.2 7.6. 
previous experiments (6), using colorimetric method the 
average for the blood many species grasshoppers was 
found 6.8. seems the author that the results Glaser 
(7) are too high, due doubtless difficulties the colorimetric 
method already indicated above. 

Preliminary experiments the CO, tension grasshopper 
blood indicate rather low value, which seems consistent with 
acid for the blood and the mechanism tracheal respiration. 

Grasshopper blood seems slightly buffered, since upon 
dilution marked changes are detected until dilution 
two four times reached. Most the buffer effects are 
apparently due the fairly large amounts phosphates which 
the blood contains. contrast mammalian blood there 
seems present rather small amounts carbonates. 

Results for values blood for other insects obtained 
means electrometric methods (Bishop, Brecher 6.8, agree 
rather closely with those obtained the present work for grass- 
hopper blood. 


SUMMARY. 


The values for the blood different species grasshoppers 
have been determined micro-electrometric method. Con- 
siderable variation exists the values for blood the same 
species animals. correlations seem exist between blood 
and age sex. The range and average values for the 
blood the different species grasshoppers examined are 
follows: 


Species. Range pH. Average pH. 
Melanoplus femur 6.4-6.8 6.73 
Chortophaga 6.79 
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